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SECTI ON i

ABSTRACT

RCA Astro Electronics Division under Contract Number N00014-69-C-0245,
sponsored by the 2eography Branch of the Office of Naval Research (ONR),
conducted a field experiment to verify a theoretical app.oach toward remote
sersing: of sea suriace temperature using passive microwave radiation.

Ihere is a correspondence between the radiometric temperature of sea water
and its thermometric temperature. This correspondence is influenced by the hori-
zontal and vertical emissivity, the incidence angle at which the radiometri- measure-
ment is made, contaminants on the water surface, and by the sea surfa e roughness.

This exp),rinient addressed itself to two questions.

I Can one measure the vertically andihJr horizontally polarized radiometric
emissions from the sea water nad obtain an accurate measure of the
thermometric temperature

i1 Can one also make a determination of the sea state from sucl. measurements

Radiormetric measurements of sea water temperatures were made from a site
on the Chesapeake Bay during July and August 1969. The bulk of the measurements
were rrm Ade at a frequency of 16. 5 GHz.

The fo]louing conclusions are drawn from an analysis of the data collected

during these measurements.

I There is a correlation bemw'en the thermometric temperatlure and the
vertically polarized radiometric temperature. In this particular
experiment a sea state invariant angle was observed to fall in the zenith

angl2 range of 1030 to 1140.

II There was no observed correlation of thermometric temperature with the
horizontally polarized radiometric temperatures.

II[ While theoretical considerationb -trongly indicate that ',he horizontally
polarized radiometric temperatures sicw have a strong dependency on
soz sfate, no definitive trends were found in 0-,, measured data.
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SECTION Ii

INTRODUCTION AND SUMMAJRY

A. Introduction

RCA Astro Electronics Division under Office of Naval Research Contract Number
N00014-69-C-0245 conducted an experiment to verily a theoretical approach of
remote sea surface temperature sensiryg The passive rad.ometric radiation from
the sea surface is partially dependent on the therrrometric temperature. The

vertically and horizontally polarized componeiits oi the radiati on can be measured
separately and from these measurements it should be possible to derive the thermo-
metric temperature. Passive microwave measurements were mode with a micro-
wave radiometer from a site on the Chesapeake Bay. The analysis and results of
these measurements are presented in this report.

Remote sensing of ocean surface and subsurface features is of interest to a large
number of ocean and marine users. Scientists, meterologists, engineers, fisher-
men and commercial shippers all have requirements which makes remote. sensing by
aircraft or satellite economically practical.

Measurement of ocean surface roughness, i.e. sea state, surface temperature,
biological growth, current, floating objects and pollutants has been shown to be
possible. Fish schools leave characteristic oily patches and other patterns which
aid in their detecfion. Kelp beds and algae blooms have been detected by radar and
infrared photographic techniques. Mapping of sea-ice distribution has been achieved

by aircraft and satellite observations. Ocean currents, thermal distribution, mud
and silt deposits and movements, saline and fresh water distribution in deltas and
estuaries, and atmosphere-sea interaction are of interest. These also may be
measured or inferred from rfemote observations.

These remote observations may bt, made by a number of method 3. To date the
bulk of aircraft and satellite observations have been made with photograpinc and

infrared techniques. Other techniques are available including active and passive
radar and microwave radiometry. Microwave radiometry has been shown theorueticlly
capable of perormirg as a competent sensor for many of the aforementioned applica-

tions. Aircraft tests have proven feasibility with existing equipment. Microwave
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radiometers have flown on earth orbiting and planetary exploration spacecraft.

Microwave radiometry has the capability of seeing through cloud cover, and

frequencies can be chosen where the atmospheric absorption is low. These

advantages provide all weather day-and-night capability in remote sensing. This

experiment used a radiometric receiver and the passive microwave radiation

from the sea to determine sea surface temperature.

Environmental scientists and meteorologists have demonstrated that long

range weather prediction and determinatiun of the atmospheric and oceanic

circulation must treat the total fluid envelope of the earth, air and water, as a

continuous physical entity. The transfer of momentum, mass, and heat through

the sea-air interface is the key process whereby the oceans, as storehouses of
heat and moisture, influence longer term atmospheric circulation changes; the

atmosphere, in turn, drives the ocean currents and mixes the upper layers of

the sea.

An important parameter in the description of these vital dynamical and physical

processes is thjz sea surface temperature. It delineates the heat sources and sinks

at the ocean surface and hence, the regions of moisture and heat flux within tie

atmospheric bomndary layer. This, in turn, influences low-level atmospheric

stability and bears heavily on the occurrence of cloudiness and the development of

weather systerms over the oceans. To an oceanographer, knowledge of -zea surface

temperature, provides a means of locating and tracking ocean currents and regions

of upwelling and, as such, is an additional input to the definition of the three-dimen-

sional ocean circulation and its seasonal variation. In addition, sea suriace tempera-
tures mark surface water anomalies such as eddies, ocean fronts, estuary effluents,

plankton blo.)ms, and extensive areas of seaweed. The biological reflections of

sea surface temperature seem to account for the importance of these data to the

fishing industry. Sea surface thermal anomalies have also been found to be asso-

ciated witP underwater volcanic eruptions.

Currently, sea surface temperature data that are routinely available are con-
centrated along the heavily travelled shipping routes of the North Atlantic and North

Pacific Oceans. Extensive areas of the Northern htemispher- and essentially all
of the Southern Hemisphere have very sparse, if noL nonexistent, regular coverage.

For many of the Navy' s and ESSA' s needs, ft-l global sea surface temper.,ture

data are required from one to tour times per day. The Navy' s mission is clearly
a global one. Sea 6urface temperature data are vitally needed to forecast the

temperature strueture of fhe thermoelime and the many aspects of sound propagaton

throughout the oceans. Ulobal sea surface temperature data are an int,-gral require-

ment for the We rid Weather Watch, now being implemented by all the menmber

nations of the Wo rld Meteorological Organization.
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Ea-th orbitin; satellites have proven themselvcs to be efficient platforms for
freqtu:nt observations of all of the earth' s surface. IndeuiJ, eah TIROS Operational

Meteorological Satellite is capable of viewing all of the eart.' s surface twice each
day. It would be most desirable to place a sensor for observation of sea surface
temperature on these satcliiLe platform. to provide vital data to environmental
scientists. SorWe experimertal sea surface data have been obtained from TIROS
and Nimbus weather .-atellites u.:-:. infrared sensors operating in the major
atmospheric window at wavelengtis ieom 8 to 12 microns. However, infrared
sensors are severely limited ,. their capability to view the earth' s surface from
spqce in that almost all clouds are opaque ii, this part of the spectrum. Trius, the
eartn' s surface can be seen only in cloud-free areas. The cloud cover pictures
from TIROS have shown us that this would be a severe limitation over the oceans;
the earth is indeed a cloudy planet. Some high-level cirrus clouds, being composed
of ice crystals, are partly transparent to infrired radiation, but their effeet at any
given time cr pi2ce could not be known, and, therefore the corlection necessary
to determine the actual radiance from the sea surface could not be known.

The problems of viewing the earth in the infrared spectrum has suggested the
possible use of passive microwave radiometers. In much of the lowver microwave
region of the spectrum, only the relatively restricted areas of heavy precipitation
would prevent a spaceborne radiome'er from "'seeing" the earth' s surface. The
complicaton that arises in using passive microwaves for remnc2ly sensing Lhe
sea surface temperature is that the emissivity of the ourface is a function of both
the thermometric temperature and the roughness of ,e sea surface. The two
efects must be separated without prior knowledge of the sea state. The purposes

of this experiment was to verify experimentally a theoretical approach to remote
radiom-tric sensing of sea surface temperatures.

The implementation of the experiment and the subsequent data analysis was
directed toward two basic questions:

A. Can the thermometric temperature of the surfac: of the sea be determined
in a sufficiently accurate manner by radiometric measurements and would
the method of measurement be applicable to aircraft or satellite systems?

B. Can a sufficiently accurate measure of the surface roughness of the sea
i.e., sea state, be determined by similar radiometric means?

To implement this experiment a mobile radiometrie van was subleased from
GC.A Corroratioir, Pedford, Mass. bhis van had radiometric equipment designed

for operation at 9.5, 16. 5 and 94 GHz. This equipmcnt, supported by additional

ground truth ob3ervation instrumentaqon was set up on an island site in the

Chesapcake Bay -nd a series of radiomctric measurements were made. The
operation of tho equipment and subsequent data reduction and analysis was performnd

by personncl fro,': IRCA Astro Electronics Division.
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in co-operation with RCA, personnel from the National Enviroihmental Satellite
Center (NESC) of the Environmental Science Services Adninistration (ESSA)
supplied and operated an infrared radiometer in conjuiction with the microwave
radiometric measurements. The IR radiomet'ýr was a Barncs Engineering Company
Model PRT-5 which has a spectral response from 8 to 16 micrometers. Its
temperature range is 212°K to 338'K with a long term stability of ± 0. 5°K.

B. Summary of Results

The bulk of the radiometric measurements were made at 16. 5 GHz u'sing both
horizontal and vertical polarization. The radiometric temperature of the vertically
polarized runs correlates with the thermometric temperature of the sea water
and shows a sea state invariant zenith angle range from about 1030 to 1140. At 1090,
the median zenith angle of this range, the average radiometrically derived temperature

of the vertical runs is 2990K with a standard deviation of about 50K. The nominal
average thermometric temperature of the sea water was 2990K.

The horizontally polarized radiometric measurements were used to derive
apparent water temperature and horizontal emissivity. Neither of these shows
an' direct correlation with sea surface roughness (sea state). This is i contra-
diction with accepted theory and may be due to equipment sensitivity limitations
and restrictions on the viewing angle at the site.

The horizontal runs do not shown any direct correlation with sea water temperature.
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SECTION III

BASIC THEORY

A. Radiometric Principles

I
Radiometric measurements of sea water are based o,: the principle tiiat thermally

F emitted and reflected radiation from the sea are partially polarized. The amount
of radiation received from the sea will be depetident upon the polarization, tempera-
ture of the sea, angle of observation and the tem-)erature of any source reflected
by the sea.

Fcr a specular sea water surface the relationship between these parameters isI expressed by:

Tb ET w +(I--)Tr ()

where
Tb) measured radiometric brightness temperature

Tw thermometric sea water temperature

Tr temperature of reflected sourcef E emissivity

Equation (1) could be subscripted with either H or V to denote horizontally or
* •vertically polarized conditions.

The relationship between emissivity, reflectivity, dielectric permitti-ity, (i. e.
"" dielectric constant and loss factor) and observation angle is developed in Appendix A.

A non-specular surface would be expected to behave somewhat differently than
indicated in equation (1). This would be inferred if one considers the surface of
a rough sea. In this case, the observation angle of the sea surface is a function
of the slope of the wave fronts and may best be described as a "'cone" of angles
about an average value. The size of the cone will be dependent upon the height
and period of the wave and of the observation time. This indicates that the
"apparent" emissivity of non-specular water should differ from that of specular
sea water. It is also possible tnat there may be a range of observation angles

IIl-1



(or a specific angle) where the specular emissivity and the non-specular "apparent"
emissiv 'ty coincide. If this cndidon existed one could define an invariant obser-

vation angle where the "sea state' has no effect on the observed temperature. As
a oorollary to this it would appear that the observed brightness temperature at

other than an invariant angle should be dependen, upon the roughness of the sea

Thus it should be possible to derive sea state from a series of radiometric measure-
ments.

B. Emissivitv of Sea Water

The equations for the vertical and horizontal emissivities of sea water are

developed in Appendix A. These equations show the emissivity to be a function of
the dielectric permittivity and the observation angle. The horizontal and vertical

emissivities of sea water are shown in Figure Il-1 for a frequency Of 16.5 GHz.

The dielectric permittivity of sea water is a function of frequency, salinity, and
temperature. The relationship of dielectric permrittivity, frequency, salinity and
temperature is developed in Appendix B.

C. Temperatmre Determination

Referring to equation (1), sky radiation is the dominant contributor to T. in

sea water radiometric measurements. Thus equation (1) can be rewritten:

Tb ET = E0Tw + (!-EO)T- (2)
where

Ts = the sky temperature

0 = observation angle
= =180- -

For purposes oi definition the angle d will henceforth be referred to as the zenith
angle, that is the angle measured from the upward pointing local vertical. This
angle and definition will be used throughout this report.

At a given zenith angle, assuming the salinity to be constant, the emissivity be-
comes only a fuMction oi water temperature. If values of Tb and Ts were measured
then there would be only one unique value of Tw which would satisty equation (2).

This type of calculation is easily accomplished with a computer by iterating values
of Tw, calculating the value of E and then using Tw, E and Ts to calculate the value

of Tb. This process is repeated until a value of Tb is calculated which 10 Su-
ciently close to the measured value of Tb. The final value of Tw is then the unique
value which satisfies equation (2). This value of Tw would be equal to the thermo-

metric temperature of the sea water only at the angle v.hcrce there wqs an invariance
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with sca state. (This temperature determrinationi method is described in detail in
Appendix C, Paragraph C.) Other investigators kStogryn Ref. 1) have developed
curves showing the theoretical dependenc of the horizontal!-- ana verticall" polar-
ized radiometric temperatures upon sea state. Stogryn' s work also suggsts a
stronger dependency of the horizontally polarized temperature on sea state. Thus
one would anticipate a correlation of sea water temperature with the vertically
polarized radiometric measurements and a correlation of sea state with the hori-
zontally polarized radiometric measurements.

Other methods for deri*%ing water temperature from radiometric measmuer1 ents
have been suggested. Some of these are discussed in Appendix C.

111-4



SECTION IV

SITE AND EQUIPMNJENT DESCRIPTION

A. Field Site Location and Description

The measurements were tak-en from North Island of the Chesapeake Bay Bridge
and Tunnel District. The Chesapeake Bay Bridge-Tunnel is the world' s longest
bridge and tumnel complex. -. links the city of Norfolk and Cape Charles, Virginia,
across 17. 6 miles of water. North Island is at the northern end of the Thimble
Shoal Channel Tunnel.

This is a man made island and is about 1,200 feet long with a maximum width of
220 feet at the channel end. It is approximately 30 feet above mean low water and
is surrounded by large rin-rap boulders. The nominal water depth arourd the island
is 30 feet. A large thirty foot high vent building is located above the tunnel entrance
at the southern end of the island. This island is black-topped and has a concrete
retaining wall around the periphery with the rip-rap boulders sloping oatward toward
sea level. A two foot high fence about eight feet from the edge of the concrete
retaining wall, encircles the island.

The radiometric van was positioned against this fence on the west or bay side of
North Islaiid. The side of the van faced Chesapeake Bay. The vent building was on
the opposite side of the van about eig4t., feet away. The azimuth of the radiometric
measurements was 3100 and the antenna had a zenith angle capability of 00 to 1800.
Radiometric observations of the water were possible through zenith elevation angles
of 900 to about 1250 because the main beam of the antenna intercepted the boulders
at about 1250. Figure IV-i, 2 and 3 show thr-ee views of the van at the site.

A marker buoy was pla:ed on an azimuth of appro-amately 2800 about a hundred
feet from shore. The buoy was held in position with two Danforth anchors and two
lines from shore. The shore lines were attached to the buoy through pulleys One
of the pulley lines ws used to deploy a series of floating temperature thermistors
while the othui was used in obtaining surface water samples. Figure IV-4 shows
the buoy and the floating temperature sensors in place.
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The water depth at the field test site varies from about 30 feet at the near vicinity
of the island to nearly 50 feet in the Thimble Shoal Cannel. This depth of water
permitted a wide range of wave height conditions.

Figure IV-5 shows the field site location and its relationship to other land
areas. The prime measurement azimuth of 3100 is marked on this figure. A plan
view of the island lay-out is shown in Figure IV-6.

B. Eqaipment Description

The radio.netr... van was a WW-ll model SCR-584 radar trailer that had been
converted to a mobile radiometric station in 1964-65. It basically consisted of three
r-f heads designed to operate at 9.5, 16.5 and 94 GHz working into a common i-f,
video and data recording section. The van equipment included an elevator for
raising and lowering the radiometer antenna pedestal. A gasoline-driven primary
power generator provided line power. Air conditioning provided for interior
temperature control. Two close-up views of ihe van are shown in Figure IV-7
and IV-8.

The remotely controlled radiometer anterna pedestal perraitted positioning of the
rodiomnter antenna beams to an accuracy of 0.2 degrees, over a total useful vertical
angle of 180 degrees from zenith to nadir. The pedestal could be turned through
3600 in azimuth. Two r-f heads are mounted back-to-back on the pedestal, at
opposite ends of a horizontal shaft. A motor, located on the pedestal yoke, permits
remote control of antenna polarization by turning the shaft through 90 degrees about
the antenna axs. A third r-f head could be readily installed after removal of one of
the previously installed heads. Figure IV-9 shows a ýIew of the 16. 5 Gttz r-f hea_
on the antenna pedestal.

Each r-f head consisted of an antenna, mixer, klystron local oscillator, ambient
and hot loads, pre i-f a.pificr, and switching networks. The i-f output and ther-
mistor temperature information were coup:led to the interior van electronics by
cables. The interior electronics consisted of the required powver supplies, an
i-f amplifier and detector, a video amp ifier, a synchronous video detector, output
voltmeter and recorder, and the antenna positioning controls. The rad'iometric
output signal was measured with an HP 3440A Digital Voltmeter and was recorded
on an IHP 562A Digital Printer.

rhe pertinent d,ýsign parameteirs and performance characteristics of the radio-
metii equipment aria summarized in Table IV-1.

IV-2
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TABLE IV-1 RADIOMETER CH.!ARACTERISTICS

Radiometer Type Double-side band superhutrodyne,
chopper stabilized, absolute type.

Antenna Typc Prime focus paraboloids

Antenna Polarization Horizontal and Vertical
(Polarization changed by mechanical

rotation)

Antemna Diameter and 3dB Beamwidths

"j"reauency Diameter 361B Bearvidth

9.5 GH7 - 19 ii:hes.
31c. 5 Gt1z 16 inches 3.7'

94 Gz G 6 inches 1.60

Il 3dB Bandwidth 100 MHz

Internal Calibratior Two waveguide terminations whose

temperatures can be meisured to withii

± 0.20 by inte-nal thermistors. No-minnl

temperatures are: Hot Load 4000K,

Cold Load 300CK

Video Amplifier and Detector Locked video amplifier and snc hronous

detector

Integration T1me 1. 0 second (other integration times were

available)

Radiometric Scnsitivity 19.5 Gllz 16. 5 GlIz 94 Gtlz
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Figure 1V-2. Radiornetric Van at the Site
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Figure IV-3. Radiometric Vani
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Figure IV-7. Close-up Vie0w of Radion-2tric Van
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Figure I-8. Antenna Pedestal and R. F. Heads
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Figure IV-9. Close-up of 16. 5 GHz R. F. Head and
Infrared Sensor
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Figure IV-7. Close-up View of Radiornetric Van
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SECTION V

DATA MEASUREMENTS

A. Radiometric Measurements

Radiometric measurements were made at the site from July 17 through August
14, 1969. Both vertically and horizontally polarized measurements were made.

Fifty-six data runs were made during the months of July and August, 1969. Of
these,46 were made at a frequency of 16. 5 GHz and 10 xere made at a frequency

of 9.5 GHz. No measurements were made at 94 GHz because of equipment failure.
There was observable interference at 9. 5 GHz and therefore the data at this
frequency is considered questonable.

The data runs can be divided into three types. The first type are designated
sta.ndard data runs and consisted of measuring data at a sufficient number of zenith
angles to adequately describe the elevation temperature profile along a fixed azimuth.
The second type consisted of a series of measurements made with a fixed zenith
angle and a fixed azimuth angle. These are further clascified as stability runs,
where the polarization was held constant for a long period of time and as switched

polarization runs where the polarization ",,,as switched from vertical to horizontal

every 50 to 100 seconds. The third type of run was a horizontal environment check
where the zenith angle was held constant at 900 and the azimuth was slowly swept
from 00 to 3600. These runs gave an indication of any possible interference and
also a check on the temperature variation of the environment. The measured

radiometric temperature is the resultant of the energy received by the main beam
of the antenna and tne side lobes. This measured temperature is called the apparent
temperature (Ta). By providing an antenna pattern correction this apparent
temperature is converted to brightness temperature (Tb). The brightness tempera-

ture is the radiatea temperature of the observed source. The conversion from
apparent temperature to brightness temperature requires a knowledge of the total
radiomutric environment. One of the prime reasons for taking sufficient data on

a run was to describe a complete elevation profile. This in turn was used tc define
the total radiometric environment. Irn converting from apparent to brightness

temperature, the elevation profile was assumed to be symmetrical around 360
degrees of azimuth.
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B. Supplementary Observations

in addition to the radiometric measurements a large amount of supplemuntnr3
and supporting data was obtained.

1. Sea Water Thermometric Temperature

The surface water temperature was measured using both mercury bulb thermo-
rneters and floating thermistors. The mercury bulb readings were taken at the
waters edge by immersing the thermometer in the water. The thermisLor measure-
ments were accomplished by placing the thermistors on specially designed floats
and deploying these floats on a pulley line between shore and the maxrker buoy.
This enabled surface temperature measurements to be made at -varying distances
from the shore to a distance of about 100 feel- The floats were 12 x 12 inch squares
of 1 inch thick styrofoam with a 3 or 4 inch diameter hole in the center. The
thermistor was attached in the center of a doughnut shaped piece of styrofoam which
was in turn confined to the hole in the square float. A second type placed the

" thermistor on the bottom of a ping-pong ball which was in turn confined to the hode
in the square float. At the site the floats, when hrst placed, had a tendency to
f'p over in rough seas. This was eliminated by attaching short one foot pieces of
nylon thread to each corner of the square float and suspending one or two B-B shots
from each thread.

2. Sea Water Samples

3nmples of the sea water were taken at various times during the course of "he
program. In general, samples were obtained near the time of the high and low
tides and following any rainfall. The sea water samples were obtained by skimming
a container along the water surface uzing the second shore-to-buoy pulley lire.
Care was exercised to obtain a representative sample of the water close to the
surface. This was somewhat dependent on the roughness state of the sea, but most
samples were obtained from water within 3 to 4 inches of the surface. The water
samples were stored in special air-tight bottles, marked with the samphk >Ime,
date and other pertinent information.

The salinity of the samples was measured at the Virginia Institute of Marine
Science. The dielectric constant and loss tangent of representative samples was
measured at the MIT Insulation Laboratory. These mcasuremcnt;. were made at
8. 5 and 14 GTHz.

3. Weather Observations

Weather and meteorol 'gical observations were made at various times through-
(,ut ,ach days operation. The observations included percent sky cover, cloud types,
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air temperature - both dry and wet bulb, visibility, and weather comments.
Additional weather observations were available from the Chesapeake Bay Bridge
and Tunnel Authority which kept a regular weather log on an adjacent island.

4. Sea State Observations

Observations of the sea state were made with each data run and at other appro-
priate times. These observations ii~cluded the Twell and wind chop height and
sometimes the wave period and wind speed and direction. These were visual
observations made by inexperienced observers but the relative accuracy of the
observations is considered good. Sea state conditions at the site, during the period
of measurement varied from a smooth, calm sea to a sea with a three to three
and one-half foot swell.

5. Photographsý

Photographic records were made with each data run. The pictures generally
were ,�c�h h.. L -e11.u - Ult-,e radiometric measuremnenits and incluudu pictures
at zenith angles of 00, 45', 90', 1150 and 1350. This provided a fairly complete
coverage of the elevation profile. Additional pictures were taken to record sea
conditions. These in general included the marker buoy which had orange and
white vertical sections alternating every six inches. Most of the pictures were
taken with a 86 mm telephoto lens. A representative sample set of pictures taken
in conjunction wlih run 7 and 8 are included as Figures V-1 thia V-6. The first
five picturcs are at the measurement azimuth of 3100 with zenith elevation angles
of 0', 60', 900, 1100 and 1350. The sixth picture is of the marker buoy and thermistor
sensors.

6. Radiosonde Data

Radiosonde data was obtained from daily observations made at Wallops Island,
Va. This is about 70 mi!eb north of the experiment site and the atmospheric con-
ditions were considered similar. This radiosonde data was used to determine
radiometric zenith sky temperatures which were used for a third calibration point.

7. Wave Gage Recorder

The Army' sCoastal Engineering Research Center (CERC) has a wave gage
mounted on the adjacent South Island. This is about 1800 yards from the measure-
ment site. It COn~ists of a series of v-Žrtically spaced electrodes ,v.ich when
shorted by the conductingT sea watcr provide an output signal Droportional to the
wave height. This wave gage is one of a network of similar gages along the Atlantic
seaboard. It is automatically sequenced on for ten minutes out of each hour.
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During this period a paper chart record is made at the wave gage location and data
recordings are made at a central location in Washington, D. C. Facilitation was
arranged to operate the local strip chart recorder on a continuous basis for eight

hour periods. Several such recordings were made.

It was anticipated that the wave height and period at the test site and at the wave
gage site would be representative of each other. However, visual observations showed
that this was not true. There were wide variations in the surface conditions at the
two sites most of the time. Apparently the water turbulence created by the island
and the tidal currents, together with difference in local wind parameters degraded
the correlation. As a result, the wave gage has not been used as an analysis tool.

8. Infra-red Radiometer Measurements

As previously mentioned, personnel from the National Environmental Satellite
Center (NESC) supplied and operated an infra-red radiometer in conjunction with
the microwave measurements. The results of the measurements and their analysis
are treated in an internal NESC report (Ref 2). For a comparison to the microwave
radiometric measurements a summary of the results of some of the infra-red radio-
metric data is contained in Appendix F of this report.

C. Site Operations and Data Measurements

The types of radiometric data ru:xO have Deen described in Section V-A. The
standard runs were numbered Run 1 thru Run 36.

Normally four calibrations were performed during a run. Each calibration
consisted of measuring ten 1-secona samples of the radiometer output voltage of
first the zenith sky (nominally 10 0K), second the ambient load (nominally
3000 K), and last the hot loaa (nominally 400°K). A data measurement consisted of
taking ten 1-second samples of the radiometer outpuL voltage at the antenna zenith
angle of interest. Each run had data points taken at zenith angles of 00, 200, 400,
500, 600, 70', 800, 85', 90', 950, 1000, 1020, 104',...... 1280, 1300, 1400, 1500,

"1.vý , 1700 ind 180^. The four calibrations were taken at the beginning of the run,
before the 100r' data point, after the 1300 data point, and at the end of the run. The
total tAme for a run was about 25 minutes. Comments pertinent to each run were
writcen on the run log sheet. The calibration determination is described in

Appendix E.

The 16. 5 GlIz stability runs and switched polarization runs were numbered Run
301 thru Run 313.
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Runs 201 thru 206 consist of P, preliminary 9. 5 GHz data run, a 9.5 GHz zenith
stability run and the horizon check runs.

Runs 101 and 102 arc two preliminary 9.5 GHz standard runs.

Printouts of the comments accompanying or adjacent to each run are tabulated in
Tables V-1 thru V-12. The first line on each of the run listings gives the month,
date and year as a six digit number; the start time as a six digit number in hour,
minutes, and seconds; the measurement azimuth angle in degrees; the polarization
either H or V; the frequency in GHz times 10, qs a 3 digit number; the integration
timc in seconds; and the apparent zenith sky temperature used as a third calibra-
tion point. The time is EDST expressed in a 24 hour format. The run comments
sometimes include calibration data which is referenced only for programming use.

The thermometric water temperature was measured by a mercury bulb and by
RCA and ESSA floating thermistors. The average daily temperature readings from
the various devices is tabulated in Table V-13. It can be noted that the average
temperature as measured by the various devices varied from a low of 297. 5"K to
a high 300. 70 K, a variation of 3. 20 K. Supplementary water temperature data was
obtained from the United States Coast Guard from their Wolf Trap Light Station.
Wolf Trap Light is located about 25 miles from the test site on an azimuth of about
351 degrees. This is representative of the water temperature further up the
Chesapeake Bay and would indicate the temperature variations that might be expected
..s the horizon was approached. The Wolf Trap Light measurements were recorded
every three hours. A tabulation of the daily temperature is in Table V-14. The
readings were made in degrees Fahrenheit, but are prex..nted in the table in degrees
Kelvin for ease of comparison to other data. The temperature range of this data
is from 297.60 to 299. 80K, and is in reasonable agreement with the site temperatures.
This tends to support the basic contention that. the water under observation had a
relatively constant thermometric temperature along i'n line-of-sight.

Table V-15 tabulates the measured dry bulb air temperatures and the calculated
relative humidity. The air temperatures varied about 110 during the course of the
measurements.

Table V-16 tablates the salinity, in parts per thousand, of the sea water samples.
The date and time of the sample plus the tide condition and other pertinent comments
are also tabulated. The salinity variation was lrom a low of 21. 41 to a high of
25.95 parts per thousand. Low salinity readings, after a rain, w.,cre obtained only
if the sea was relatively calm. No explanation of the low readings on 8/'7/'69 and
8/8/69 is offered. The three samples which do not have salinity measurements
were used for (l:,lect ric constamt evaluation. In the comput, r I)rog-am s the average
salinity value of 24. 17 parts per thousmld was used in calculating the pe rmittivity.
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The permnittivity is not strongly dependent on the salinity. The permittivity of
scat water li-s been caluclated for a wa•.er Lemperature of 300IK and for salinity
values fromi 20 o 39 parts per thousand. the results are tabula.ted in Table V-17.

These per'mittiv-ty values have been ased to calcevlate the vertical and horizontal
emissivity. Representalive values of the calculated emissivity are talulated in
Table V-18. 71e theoretical emnissivity variation is quite small over the salinity
range that was measured from the water samples.

Three of the sea water samples were sent to the MIT Insulation Laboratory for
dielectric constant -measurements. It was intended to have these measurements
madc at 8. 5 and 14 GHz. The measurements at 8. 5 Gtlz were completed, but
because of instrumentation problems th2 14 GHz measurements were not completed
at the tim- this report is being written. The r-:csults of the 8. 5 Gliz measurements
are tabulated in Table V-19, along with theoretical values computed for 8. 5 GHz

using a salinity value of 24. 167 parts per thousand. The intent of the measure-

ment was to verify the accuracy of the theorctical calcuiations of dielectric
parameters. The agreement oeiween the measured and theoretical data at z. 5
GHz supports the contention that the derived theoretical formulas for permitivity
are adequate. (Reference Appendix B)

The values of the radiometric zenith sky temperatures as computed from tWe radio-
sonde data, is tabulated in Table V--20. These are brightness temperatures and
were used to determine tle third calibration point.

A rain gage was installed at the site. A tabulation of the rain gage measurements
is in Table V-21. This data was not used in the C .ta analysis, but may provide some
currelation with the salinity variations. It is of interest to note that the low s'alinitv
readings of 8,/7/69 and 8/8//69 '."ere preceeded by heavy rains on S/5/69.



Figure V-i. Zenith Sky

Figure V-2. Azimuth 310~ zenith Angie 600
Rur~s 7 and e
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Figure V-3. Horizon, Azimuth 3100
Runs 7 and 8

II

Figure V-4. Azimuth 3100, Zenith AngI2 110
Runs 7 and 8
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Figure V-5. Azimuth 310, Zenith Angle 1350
Runs 7 and 8

Figurc V-6. Buoy 11I1d SCIIsors
lunls 7 aitd :
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AT 1010 SKY CIVF~iHAZY LUNfT T A'PA~kr~4T flH CLJJOSý,VI S 6-3
AT 1010 SUNY SI15HT PAZE

RU~q "n.l 3?
0lil36') 111ý10 31.0 V 165 ()1 14.8
El- ijf SHAI.-OAT PASSFD BIY // E;-A[4r) PATCHýY -5)ýSJ' G- ýý CJDS

AT 1110 1-2FT SWELL
AT 1340 9)/.' S<Y CIIVFR, Ll'-! 1A SCAT CL'I'JfS PLUS -41CH :1'1 ALltI5T lf*ýiPLETF
Ar 13/40 Vl$ b-7PILE-S, ý:) J
AT 1630 HEAVY 5.'1Et.L rRO¶ *'14 3-3,5r-T., 15-20FT PEkf!0~

RU'4 'ir', 33
O311461) 101~0"D 310 V 0OD 01 21.1
HL Fý CL 'IV ýEADPP~S ýFQF~ TA<F\J AT ~i~~SriEVATI9m1 &NO4LES
SFA CALM PFnCEPTAILF SVFH- V[-RY S'MALL -IND! ýIPPLF
D AT A P U' R~A N AT 10t?1I0l
AT 13h30 6n-704 ý SY CDfVE ý VI S 10-15 S TRATf CýIM J, LOb S TýA%~5 E CUM q
AT n03) CIk, & CIR-STRATUS SEE
A T ')81U SEA C AL" 1 - I 'l Ij l R~ IPPLE, 6! \1 Sq[LL

V- 15



TABLE V-7

RADIOMETRIC RUN COMMENT PRZINTOUT

RUNI NO. 34
0ý11469 1047~10 310 H D95 li 15,5
HL fl CL MV ýEADI,\1(S TAKPI AT SEVEIAL EIýEVATT')>N ANGLES
.SEA CAL4 fl R-4EAt) CLEAR
D)ATA RUN nESA'4 AT 1015nHoo
AT 1005 SEA CAL'.,SLTGHT WIND 1IPPLE,9 611 SL1lW Sv4H'LL

RUN NO. 35
081469 132510 310 H 165 01. 24.0
SCATTFREL) CJM¶JL''S CL~tUns flVER-AEAD VERY CLEAR výHEN W .1 CL'IJDS
PICTURES TA<Ej AT 1.3;461r00
AT 1130 SPA CALM
AT 1300 40-90% ýKY ClVrR, f"JH IWSTLY, SPINNY

RUN NO., 3~,'
CoI4b9 1415ýO 31.0 V 169 01 14.,8
CLE-AR 0,4 AT STAV'T // XTAL, I L-21.5 R -12 .
TI'¶F-14149 :^) TOU lfrR SOUALL S 1\4 VIcpNjry i.! Is \&~ECS

T-1 -,JRTH m11HIS CLEA4
AT 15(M) T'FJNr-RVi[EADs & STrvVl 'Ti) S4j, Dtlq< CL-mJr)S Wt ýE- CALl
AT 1 5fl0 SLICJHT S'WrLl. WITTH .'TIMY ý'IPPLII-
AT 1.510 HEAVY RAPIl STA',Trr). VIS LFSS T'HANI 1 411-F
AT 1.532 10'" CL7Ur, HFAVY ~I
AT 1 715 5SEA DEFA ( CAl. N, AFTr-30 q I-I IAN S-A34JL, STILL ý.ATII NS LI CA-TLY
AT 1.930 SEA CAL'l, AF TrP P AtI N T:IPPEn

VI G;



TAB!3 V-

RADIOMIETBIC IUN COMME-NT P'IUNTOUT

072169 1445'10 310 V 015 01. 31.7
Rl~fl 1.01 AND0 102 ARF TWF F!ýJST CCUNSECiJ2VE WflR-Z t. VEIT POL RUNS
VENT RLflG LlG D lrOt):Wllln '4 1o-j5,rCLlJunvSFA CALM
VF:ATHER ýUJNFAJ 'e.ATER rvIP- ?9q~,5

RU'l Nf]. 102
072169 151010 310 H ',751 01 10.9
RUNS 15 o kl) 10? 'ýRr TH-F FRiST CON~SECJTIVE HflRIZ &. VERT P3L RUNS
STAAP7FD T.] R41TN AS RU'I ýFC;AN//CLOJt) CDVER NFAR 100%

%' -17



Lr4RF V-9,

RAMIDOM~ETW~C RUJN COMM\ENTl PUINTOUTT

kU '4f1 n2,01
07176ý- 175010 310 V ~)95 OT 19,4
AIRPLAý;rS FLFq 'IF- AT rl-FVATIO0., AN'ir1-s IF 'F5 /

TSlf R'UN~ 4',S i, VER Y PRVLI I'i1AýY CA ,[CK )F A7 ¶JH3~)/
USF 114IT CAL TE'iPFRATURES IF Cý-)IPJTER ~'1rEDS NPIErlrý T~r FIVI P~t~y~

RIJN :¾.2W
07226? 114nllo 310 V ý,)r 1- 4,56
7V*xITH 5TAb IL!T IV-Wi '.1 s r iii CAL VE ;PFAATIORFS IF~: ipr: r' Tp
FOR THE P"IT PO$,ITI71hS//

RuýýJ wl. 203
07276'? 1815'10 V 10 ) 5 1 4 , ý6
H I RI Z-1 r A \JGLE 9') nrr", E C'-WCK 4 361) DEC, A? T JTJf "ITATT'o

RUNq .Jrl, 204
O0f2?6' i1%130 H 095 01 4.56
HI T ZrlJ CE LýV A"GL C D' fFSEI )E[C I T-4I nvAI"JTi

07296P ?)'Q V 10ý5 11 7~77
Hllt r ) i E'-LIAT 11*1 ANG,. f)qj r-E ̂ RF ES I CdE C N ! T-1 P3 r) I' Zn r 1 .. 74 T i

R UN!'1: "' , 20 6
080S~69 15~49111 3~ 1 H 16S '1 ir,4.
WIT LiAl C A!, R{ji PN0 7ý "11 l'- TE,'P STA3 I L T T
THTS OAS Fr4ST RU'l WHVPF~ ,.J NITED T-4AT AL TvkMP 6AS 'i4~YT~IG
Z F -IT H T -r I S4-A ",I'L 1T Y '10"r, TA<E FN i'D )F RjJ- 12. DATA YS i' ?' 2 rANPF

'V-18



TARL F V-10

HADElJET~lC RUN COMMENT PRINTOUT

RU'l ýjo. 1 01.
0O~iOI9 153210 310 V 1'55 01
Sj:A ,qATFRk TRA'P ý,T IL IT'! AT L.E-k/'! OF 115 DECREF ZEkIT-i~ Aý5Lr
1-1.5 Flf)Tp S,4FLL AýNf) CHI1P/ /'n FINJAL ZF11ITT-4 FD",1Atr To P'ljR RAIN
RAI~iEn rRVI 155 TO 1,ý',5 LFSS T-1,41 0.0? ACCU'JIJLAT7E

RUJ 'Afl * 30?
Q~q~ 95~0310 V 11, 01

VrRTCAISTARILTTV C1riCKl AT 120 DEGFES ELEv4TIO'1J
XTAI I AT STA;nf APPRflX L?) ý3..
XTAI I fl11 FF flJ).!, - AT E'4D .'S L16 R23

HL 1 4,3 7 "'L-0-2 11.4 T! T T / / HL-1-4'04.*5 C L-1-InI , FPIN~T //
Ar 0llo L.j-2FT SEL~~r412-13IN C- *IPP5:1Ps

Q.:~ 33?VO 310 1~ )1
PhAT 12,) ýrSJF~FFI- 1TI ~ T.:EE H1l! Z A'J) yr 4TICAL

RiPT j 'ýATA -ITTS-2! TiALo'PtiXT V VRTICAL, XT 5 ~EXT 7 V

01f~'6)161.5" 310 11.
T -IAS ;VJTr VFRT j, -~? 1 A j?,1 9 l~~'' 129 flE;;,RES ELEV//

iT'%T 1Ar !) ý W7')I Z1~ 1610) 115 FlGVT/
TI f) 152 1~ 1 5 D F-G ýý !Rl I,1~ 152ý 119 (DFG P) T /
T I I o5 W 1). ~F, s / rq r/ 't , -.F 1629 1.2 ?n F, r ~PiZ

J,) I~~ ý10 [)F' 'I,, FRT T/ ITHiE I -A1 121) L ~JTZ /
T I l,3?:30 1215 Pr' ý i" 1 /7 Ti'iE. 1'3 1* 2 UF-ý . VFýIT
T1 1 IS! 1 :3 0 17 15, r) 5 42. 7, //I I'I PF 153-7 1. 2 5 V F ýt T

*5 C L -- 31~8 9 ~ T ' / TL%43 T L0-n Fl 11/

C)I P 6ý,16 1 ý,J 7; 0 V Is~o
TOP; QU'l iS A Z FN TI'H 'S A R LT.T Y GH EC
51 A27TED MGAif AF TFR -;r)3f4 vlt,;Z-REU JSF 3r)4 F ,Iý~L ,AL AS Th)5 f\IT CAL

H~.-~-03,I L-0-30t).3 THIT /
AT 17,15 C'l:PPV 9E1A-2,FT, UPY HUI1 0

V--19



TARLF V-11

IIADIOMETIUC RUN COM NI EN r' PIINTOUTf

RUNi tit d
081169 122210 310 161 01
SPPCI AL RUN ELE\'ATV)IN ANGL.F 115 nEG//CwIAI5F R T W '4 F, Vm r, IL 7 AT I!
HL-18V'-403,1 CL-170-331'.5 HI\IT F~ E! RST V 4 v; 1%L C G S -4 P1'71 QL Y I '
FTELD OiF VIEW ý4L-4i05-412 .I C L -10-- 37B. I / / STAR T T I F F I ý 5T -i Ij 3~-
HL-180-403,4 CL I n0-3,)5 .5 CA`L 2 / / S FL L I \": S I: F, - ]pP 1E~ M ýr~
SFC'!Nr) V 13'4 HL-1.8n-40?.) CL-jjlO-316.4 C&L3 // -L'"i)' Cl 1PLF TV 1151)
AT 1030 SLtSIHT SWFLL FRM1 N,14 'Ll.,J0S -?r) CIS 4C
AT 1200 W41HV '4W 5-10., ClrLODS ROYZ CS CC
AT 1300 SI,4'LL OrVFLPING ýJj SLI-IT C'HiPPCL3JI)s 91%K CT SC4T CJ

RU'A '111, 307
OR1169 140000 310 165 01
SPECIAL PRU' ELEVATIOn\ ANGLF 110 DýT/CA\I' B i Ar, V P L 7 AT I'I \
HL-1 81-405,1 CL-I 30-31.1.*( I l1T/I ILr... -- I A42 . 5 C L -- 1P 1- ~ 7 C AL 2
T I F - 1 4 S T A RT SC r. C V i- TIt C A L P IL T/ I 'A 14 3~S TA I T P C1:) ' P91
GFNTLF RUT r)I5TI NC T CA4'IP I 14 4ATER i//Al.-Is 3-414.*6 C.- ~3.3~
AT 1330 C+)() INCR;:ASING PIEN1'jJ STFAIlY \Iq A\0~i S91-'Ir .'-IlITF-APS
A T 1 313 SWL1.L p.,-RIF I -n -2,FT
AT 14 C) Ct.U!JDS 110% CI CS, VIS l)"ILES
AT 1433 DI bT I 'CT TInrAL LlIr !EBTRNi ýHl "E F, CAl o, AT L R C"E A~ J", AjF'1l rT S
AT 1450 2FT SdELL
A T 15 nn C L *J D 7 0 % rl .CS,J j o, CU PKJILDTHl TI .4[ST F, ll~

RU-4J [1019
0Wl116r 1617)0 310 165 01
cr-FCIAL Rý.! [EL.EVATIM ON AGLF. 1 5 0,'-G A/A/ A~ PTWN 4 CF. P 11. A 17.AT1I2 k
HL- B 1- 4 02 .? ZL-110l-3n2.1 H\IT TI TF1 15 ;' S T 6ýT F TI ST A-~LI A~~~L-I 09-405.1 rL- i-o *0C L //TI V 14 EMI F I k.S I V PJL ý1IN F, 1%GI\
SEC'ND V Pr'JfL !U'4 // TliMF 1647 STA;T SFC]NoD A Pl-L RJi 1/
HL-leI-404,7 CL-11PO-30)4.0 FVIN!/

RUN~ '.m. iot)
Q.tll69 1657)L" 310 16 5 0 1
SPECIAL RJ`4 ELEVATIriN ANIGLr 120 DFEG /1CANFPTI4N o C, V P 'jlAý, IT Ii
Hl-109--404.1 CL-1ý10-3n4.5 11IT //TPI 1794 CýTART FTIRSr P*L R 1\1
HL-1fi3-407, I k L-1 r0-3f~lafi :AL? 2 TI l4[ 1717 ST AR ý ^ZJ\P V ;>L 4 Y
WATER M CAL C lL'VR / !'T !'IFr 172?ý EN:O SEC'JY0 H P-11 RJ\N
HL-l51D-405.3 CL-1110-303.6 rIN)!
17u'l C Lrl(Jn 43'/ CI, \Jr9 (I E'JI DE T

V -')0



TAP.Lr V-12

-AflIO\1ETHIC I1JN C07\1 7I!NI I I Ij TrOUT

sr'i-C IAL k,)' ELEVAT' fl\J A'Ird 125 0JEG // -uAV1-F STWJI -i F V P31 AR I AT I UN
HiL-18-.lP "L,-l;,-30)4.) 1 117 //TI'L- 1POD START FTRST -1 PJL RU'l

T r 1 8o, 0 FJr -RI )ST V P!1L PI\ ,//% L-R-0, Ct-l1o..303.7 -AL2 /
TPIFlR1l' S T A ýT $LCDý4D V' POL RJN / TJ'-' 1B?-3 STAR.T IEJ ' P71 L a \J "I
H L- 1 1 n- 4,19 , I CL-IfC--V0 -1 r 2. 7 F I \ "I
AT 1*7-0 IN 1 AS T)IfFr: r'viATFR BF.CnI11\7 QUI TE CALM
A T 1823) C L'Jr1fS 10'. CI
4T 1910 IFT SxELL

S 'F -IA "' L% [),- ELHJATTI-, STA4ýTLJTV o':ITli FIRST 11 T-APi V PILA21Z
Ht--J ^,L-)-3'14.5 1 '1T TI S T A T TIF -i P I L 14 : '7 ;j) S T IP A T15 :40:0'-

rL - I - 0 5' CL O3 C. (At- L XTAL I L?').": ýJ // STAýT 'I PIL iti:4'1:0O

$'!L ilT IN ý,P A2 X I13O') /S ST1P V P D L A T i~1, 11 1 1/
3i --~ ' 3 ') 2 a I F 1N /,/1

A T I j% AP P~ ý1 T S ,,F L

0'1? I~4Y3 30 V I' 0
LiT T ST A';.TYTV Y Z J' P!1T ~AL rA TA I5S SA'iF A~ F I IC ~AL I-A T A ~U j3 o

U SF.C~~ET '!'J RIN 31 //""-'0. L-0-3,10.5 1'IT /

2,) 1 -' 1: SKY C JVFR, JT(, JAZY STýATJS

SPi:CIAL RYJ> V &H STABTt TY AT 121 U rFVATI AL
L--0 4 5 CL-0 - 22ý3. TiT SI ST A T V P L A T 0 93b26 S T IP A T 2;?:30/

S TA4T L4 " L A T 1 0 , -Z S TI r' A T 12;39:32 I3 XTAL I Rs. 39
Al 2915 6 1- 70' SKY C, -1 V F 7 ,, ()'21 C'iJ V r F l 1- I C,iT I SP Y L J-) S I IS 6 - P
AT ')91l5 1-2f-T S SELL



TARLF V-13

;3PS T V r'R AC, F .' RF T L'10 ý RR'T J R F I)A•- R • n Y

D ATE 4G BUOL qCA T-rRl ESA T-4ERNI ,•rAT-4r, 3ý1iE4I

7-17-69 ?9),5 300,7
7-21-*9 ??PIS

7-2?-69
7-25-69 29R,3
7-29-1,9
7-3n-69 299.5 299,7

H-09-69
U-06-69 7•991,

H-O7-69 C) I R
q I- f- 9 9•.,) 9 .
ti-I t- h9 2 9 P,

3 - 13 - ý9 •9 7 ?Oq :

3-14-69 ?9'13

V-22



TAB3LE V-14

SEA WATER TEMPERATURE I)ATA FROM WOLFTRAP LIGHT

TIME - EDST

Date 0200 0500 0800 1100 1,400 1700 2000 2300

July 14 297.6 --- - -----_

15 297.6

16 297.6 -

17 297. G > 298.7
18 298.7 --

19 298.7
20 298.7 --

21 298.7 -"

22 298.7 - 299.3
23 299.3
24 299. 3
25 299.3 209.8 -8

26 299.8 .....- ,_ -
27 299.8
2"' 29 9. 8

29 299.8 8-
"30 299.8
:31 2!)9. 8

Auguist 1 299. 8
2 299,8
3 299. 8

299. 8
5 299. 8
7 299. 8

8 299. 8
9 299.8 ---8,--

10 299.8 8. . --

11 298.7 2 299.8 29 S.7
12 298. 7
13 298. 7
1-4 298.7

V 2:3



TL V-15

AIR TrFIrERATtJQF AAD RFLATI'F VTry

nATE TIM. AYR TFU1P-F R. -I.

7-16-61 1315 15 63
7-17-61 11 3"j Fl 75
7-21-67 i$01 77 93
7-P5-619 1431 79 71

1 -2 -05"? 1131 71 79

8-11-61 1701 77 73
9 - '," 7 -,,, 1 1131 • 5

l- l-bT9 1V0 79 5
8-1 1-6") 140" 83 69
8-11..69 177' -83 69
8-f1-6? 703l 781 72

8- 1.2-c,) 0'0 79 82
n-12-.9 21125 79 '77

-3 3-, -b 011' 77 S3

S--3-6? 134) 77 87
6-14-o? 110Q3 77.2 91

8-1 1- &)l 114 83 5

8-l'-6?) i70o 77 91

V --99

13 -o"1577 I



TABLE. V-16

WATFP SAIPLE SALI',ITY

nATE T IMF T I F S AL I NIT Y C (-MME'4T S

7-1 5-bl 1530 ~LT LOWJ T IDE
7-1.7-6-9 173) ~ T+ I,?'i1 11 24,1)5 Ni-
7 - 21 -6? 1 S 0 e) -7 4 2 5 ."3 RI G HT 4FTEý 1.111RAN
7-25-63 1.500 HT-?A(414MIN 25.95 N3J

2- 23 n HT+54'11N 25, 04 \1 f) \1E
11,101)S Lo Tj-Al4QtlIN RIGHT AFTFR LTNF SOJALL

R- 5-< 1749) T +2? 3 VI IN 2 5 ,e,5 AFT ER llECl? RAP! ALL flAY

-6-9 154i59 1 HT -11'1\J 25.042 CLEA C . <~ 'A'J
9-7- 12O'0 L T A3~15ITN 2l'. i SKY CLEAq,A7PýflX iýýT A

9-17-59 V1 FI ý ~T + 1 A49 1' 24. 57 ,r A T H4FR L EA '

6-5ef 1.705 HT- 5 511 \ 21 ,0O SNY, 4JiM'y, 4ilPPY 2FTSEL
S1-bl 1451 T + 1 -'11 \J 5 *l 2 r T S', LLP PA ITL Y C LI IDy

0-t-' T-O I fl ý IN 24 .7,R iFT S; :LL, SCaT CTBRJS
-1 2 -61 11 30 4T + -P5 4M 1 25 , 52 SIJN4Vj 'i')S
-1 2 - 5 1) LT+1 4 . 301 2.4 2 - I T E A ýWELL

*~3- T-b -Y V' 1V24 2I 245 1F T S E E L .ELL
1- 3-6 1 1' 3) LT+' -A I. 'I' I % 29, 14 -4r. AV Y FRJ'i '44.3-3. 5F T

S1i4 - b), O4 0 H T- I. -A I1 N 2 300 Si A Ct.l l AT~ ¼ FALy :

B-4-')ý 17'i0 HT+l1_ý7'iTN 22SIA CAL'i AP1J SL4r `.EY AI

'!YTF 1- SALI 'I ITY IS FrXp~rS P¼ ?ATS P'-4, T-fl jSA~jr
VIrTF ?- SAL I ýI TY AV r AV rE PLIFAS~ETS = 4,.17

V: 22'



"2AIBLE V-17

CALCULATED PERMITTIVITY V, SAIINITY

Frccja.ncy 16.5 Gliz

Tempe2rature 3000K

Calcuiated Permittivity

Salinity 2eal Part Imaginary Part
( atrL~s e,e

20 45.381 ou .48o

22 45. 076 5.532

24 44.761 36.583

26 14.4439 36.631

28 44.110 36.677

301 43. 775 j 36. 720

V- 2



TADLE V-!S EM,!!SSIVITY VS SAI,INITY
F,'Il'U:QIJ U NCY : 6).5 (.1.z
TlPI:IATIJPE - 3000K

Salinity Zenith Ang,.c' Emissivity
(ParLs pei, T Iorizonutl Vertical
Thousand)

20 95' .0424 .9326

24. 167 950 .0425 .9312

30 950 .0426 .9290

20 1000 .0827 .9513

24. 167 1 O0 ° .06,8 .9511

30 1000 .0831 .9508

20 1050 .1206 .8629

24.167 1050 .3209 .8633

30 1)50 .1213 .8638

20 1100 .1562 .7719
24.167 1100 .1566 .7726

30 1100 .1570 .7736

20 1150  .1893 .6946

24.167 1150 .1897 .Cj53
30 1150 .1903 .6965

TABLE V-19 MEASURfED AND 'I'! LI'ONEETICAL PERIMITTIVITY

Sample No. Measured Measured Theoretical
D)ielectric Loss Tangent Computed Dielectric Loss

Constalltt (tan 1) Loss Factor Constant Factor
(K') (K"=K' tan i) K'

1 57.0 0.55 28.79 60.50 32.77

6 57.2 I .517 29.57 60.50 32.77]
20 58.9 .03 29. 63 (0. 50 32.77

\1 -2 7



T' TAn FE V-20

ZEN<ýTY S(Y TrA'PERtTU'-IF &S IALCJLATF) FVRrm'i ý6! S2'DE A7ATA

.,TE 16.5 6HZ n.5 GH7
8AM \Jrlfl\J 1PM 81 ,q 1 0 N 6 P i

7-17-6 q,72 3.75
7-70-6? 13,06 4.41

7-21- 6 7,76 3.52

7-22-61 11,67 13,81 4.1t 4,56
7-73-69 13,'59 4 .5 4

7-74-0 10.35 3.91
7- 5-6" )q2 3.13,73

7 - 59 14,52 4.71

7-29-69 4.39

7-.0-6? 1490 4.,1
7 7 9.59 3.77

11,25 12 49 4.0 4.33

13 714 4.144
-^-¾,5 10.13 1,50 3. A 13. 3. )7

3-1, l 7.47 ',14 3.54 3.53 3.59
R-1 - 1 ).21 It.37 3.8q '. 1
q-1 1-58 1,93 '1, 35 3.64 2,15

P- 12-69 7,28 5,k7 3.12 3. 17
".53 4. 36

•-14-o1 'L,7 •, 47 4 .5 4,4 * 1 4,.4

IV 2



TAiLF V-21

RAIJ SAG[ DATA

f. T E T:7E SAGE RE AHTNIG

7-P I •)9 1 001,17
7 - ?2 -h b• - 135

7-23--o 9 0,05
7-,' 4-09 1030 0125
7-?5- - 0030 0O00
7-29-39 13(V 4,25

F•-.oI-,5< 1 0 , ,n2 (TýAr.F.) AFTFR• SAIIt!El)

1710 2,45
R-T-09 1)900 0.02

-. 00 0.30
-2- 0900 0,00

"-1 3-1'0 )09eV) 0.10
q-1 4- 5 T R A E )R,"IT'4F[ L V.4TLY FA LY A 4

15 -0 e 0115 1 35

,I)TF- GA(,F: ,'4AS Fr'IPTI F) AFTFR EACH READI',J BjT V'T l'i ETEE'I.

IVV'-29



SECTION NI

DATh FLOW AND RESULTS

A. Data Analysis Flow

The data flow is shown on Figure VI-1A. The raw radiometric votages were
recorded, as previously described, on a HP562 Digital Recorder. 'J'-lhis unit
provided one printout per second of the integrated radiometric output voltage.

Ten, 1-second samples were recorded for each data observation point. The
printout was on HP folded paper tape. The data on these tapes was later key
punched onto IBM cards which were run through a computer program that con-
verted the radiometric voltages to apparent temperatures. This program,
named MODROD, also processed the calibration data and required a zenith
temperature for a hird calibration point. By utilizing radiosonde data and a

computer program called SKYTEM, the zenith radiometric temperature was
calcalated. The calculated temperature was a brightness temperature and the
calibration point at this data level required an apparent temperature. An
iteration was performed to provide a correction to iccomodate this difference.

The apparent temperature data from MODROD was processed through a progrnm
caled A..PCOR4 which provided the required pattern corrections to correct the
apparent temperatures to brightness temperatures. APCOR4 required an antenna

correction matrix which was obtained from ANTPT2, a program which converted
actual antenna patterns to a matrix format.

The output from APCOR4 consisted of icrightness temperatures at 69 angits,
whose angular value was dependent on the mesh size of fie antenna matrix. The

calculated brightness temper'ature at zenith (i. e. at an .ngle of 00) was then
compared to the zenith temperature as calculated by th,,• SKYTEM pro-ram. If
the agreement was noi sufficiently close (g-ener,dly 0. 5ý was consitlercd to he
adequate), the apparent temperature used as a calibra•tioii point was adjusted alnd
the program M()I1im(]l) and A 1COR). were :c-run. Thtse itcratin; were con-
tinued until agreement was reachcd.

\'1- I



Th- outpu'.s of APC9,R-1 for 1lt of the .an,'-n. ruN.s ¾,cr'L- fbuhe Th. co.n pj-t.,
cit ip, aOL 10.. WO.S.C z e,, it•_ au n-•1 s Nhii c i.n-

eluded the sea water obstcrations. The brighti.ess temperatures calculated from
APCOR4 were used to obtain the radiometric sea water temperature for tie
vertically polarizcd runs. This was done by the method described in Section 111-C

using a computer program named ROCK 3.

This program iterates on water temperature until a value is foeard which gives
a calculated brightness temperature in agreement with the measured brightness
temperature. The criteria for "agreement" was a brightness temperature within
+ 10 of the measured brightness temperature. The "error" that this allows in the
computed value of water temperature is ± (1/emissivity). Thus over the zenith
anjgles of interest (i.e. 91. n LUo 130. 320) the error that will be allowed by this

agreement criteria varies from a high of ± 20 maximum to a low of about ± 10.
ROCK 3 was used only to obtain the water temperatures of the vertical runs. It
was not used for the horizontal runs since the error due to the agreement criteria
would be excessive at angles near the horizon and since the *ipparent emissivity

varied too much from the true ernissivity. Those few horizontal runs which were
tried in this computer program would not finalize in a reasonable number of

iterations.

ROCK 3 determines a value of water temperature which satisfies the basic
radionietric equation

Tb = E'w + (1-E)Ts

Since it calculates a corresponding value of emissiv-ity for each water temperature,
the value of the emissivity will change each time the water temperature value is
changed. The printout for ROCK 3 includes the computed ernissivity and tie real
and imaginary parts of the computed permittivity. Since it was felt that the
horizontaily polarized measurements would contain sea state information these
runs were processed in a slightly different fashion. The iteration process was
not feasible because of limitations previously described, therefore a method wvrs
required which would restrain the horizontal emissivity within reasonable bounds.
This was accomplished by using the permittiNity values, computed in ROCK 3 for
the adjacent vertical runs, to calculate the horizontal emnissivity. Using this
value of emissivity, the horizontal radiometrie water temperature was calcidatedq
using a cornputer p)rograim named ROCKFN. These cn tomputed, restraincc e mi sivity,

values of water tem)UraltUre were not expected to be represcntative of the thermio-

metric wate, r ttmpeliraturea , 'but thc shape or 0displacement of the curves n.ght be
UXpOC !cd to) COItO'littC With the obsCrved sca state.

VI-2



In orde: :. :Y.7L'"rufcrc Curves, CK . - also ;USi t .
the I-adiom--tie v:,tt, tcý.-::i ,'-tu b..) ed (,1 '.he ,• cti.d :,lucs of perir ttivi ty
and emissivity for sea water at 299 K.

A more direct approach Io determine the sea state dupendcrev of the horizontally
polarized measurements would be to calculate tie emissivit directly from the measured
data. The basic radiometric equation car be used to solve for the emissiviY as follow,'s:

Tb = cTw + (1- C)Ts (3)

T = ETw +T -T ET

Tb = r(Tw - Ts) + Ts

E = Tb - Ts (4)"7•---s- -(4)

The derived emissivity for both the horizontal and vertical rums was calculated
using eqaation (4) in computer program EMIISS. The brightness temperatures
and sky temperatures are obtained from the APCOR4 output. An arbitrary value
of water temperature (Tw) of 299 0K was used.

In order to allow for the non-specular surface of the actual sea water, the
value of sky temperature (Ts) was actually an avwrage over a cone of angles
about the nominal angle. In order to easily accomodate the input data format
this angular cone was defined in terms of a constant cosine differential. This
cosine difference was in turn defined in terms of the antenna mesh size (m).

Thus 0 = 0max 0rmin

cosO min- coso = 2

cosO - cosO max - 2(

cosoiin - cosO = 4(1)mm m),ax r
Cos0minm- cos0 max 4( = 0.11765

where 0 = nominal angle of reflected source
0 = cone of angles

0 max upper limit of angular cone

III mesh size = :14

0in lowe lin it of angular cone,

T1he cosine til e renLti al used wit i ths x:mluhc of 0. 117t;5 w hi ci' dLi n'J. the cone •i zc
,in

Th O il, il0 -la,1 1;' l. hi :11 f0 1 6 w i ) h o e Li u



The stability rius an3I the svj chJd pollriJt1on ru:fl-., no Ut contain mea:sure-

ments at anglus other t.han that ot tne particular observation. Thus the elevation
profile for these runs is not defined- Therefore they were only processed to
determine the apparent temperatures corresponding to the measured data. This
processing was accomplished in a modification of 'he MODROD program, called
RODMOD.

B. Data Tables and Plots

A typical computer printoutt of the Y•D-•OD program is shown in Tables VI-1A
and lB. Page 1 of this output lists the run information and the calibration para-
meters. The minimum and maximum calibration tempe .ature are the cold and
hot load temperatures referred to the antenna input. The k factor is the slope
of the best fit straight line between the three calibration points. The calculated
maximum, minimum and zenith temperatures are the temperatures represented

by the calibration data points for the hot load, cold load and zenith sky. The
amount by which these values differ from the maximum and nminimum calibration
temperatures and the zenith sky temperature is indicative of the fit of the best
straight line calibration curve. The comments for the run are also printed oat
on this page.

Page 2 of this output tabulates the radiometric voltage, and the computed
apparent temperature for each of the zenith .ngle measurements. Each radio-
metric voltage is the average of ten one second reaoings. The tabulated
tolerances represent the maximum and minimum of these ten readings converted
to a temperature difference. This tolerance was used for a variety of purposes.
First it highlights any key punching errors, second it identifies points of possible
interference and third it is a gross representation of the sensitivity of the equip--
ment.

Tables VI-2 through VXI--41 arL'e the co rputer printouts from the APCOR4 program.
These provide a tabulation of the apparent and brightness temperatures as a
fumction of zenith angle. Figures VI-2 .hroufh \TJ-39 are sutndard plots of the
apparent and brightness tempe ratu re d Ftig-ircs Vl --10 through VI-77 are

expanded plots showing the templeratLuIrN'(, variation over the water. These plots
may be analyzed more rcadily it the cnvironlilent pi'ofilC is known. Figtaure VI-t1B
describes the profile and shows the, observation zenit I angles:. l'ile sea wate r
observa itions were limnited to a zenidth angle rnngc be9twen W100 and app roximately
1260. Near the zenith arnile of 12G" the ante21ri bea:mi i It('eCCtCd the larage rip-
raIl) bouI'ld'c is v.hieh su r rounded the, islanid.

V*i



Tie 9.o 1 GH z curves are includc(. in thc standard plots (FigurLs VI-33 thru \ I-,)
but as previously discussed their value is questioned as there was interference
present at this freouency. Three other curves merit special mention at this point.
RunIt~s 11 and 12 (Figures VI-9 and VI-l0) were taken while it was raining. The

general shape of the curves and the high sky temperatures cast doubt on their
validity. The sccond set of curvcs in these figures represent a two point calibration

(the first set uses a three point calibration). Run 35 (Figure VI-31) was taken
when there were heavy thunder squall clouds on the observation azimuth and prob--
ably some heavy rain 3 to 5 miles from the observation site. This accounts for

-- the relatively high temperature just above the horizon.

The expanded p!ots of the 9. 5 GHz runs are shown in Figures VI-71 thru VI-77.
The 16. 5 GHz expanded plots are shown in Figures VI-40 thru VI-70. The temperature
rise as the antenna beam intercepts the large boulders at the island edge is obser-

vable on all these plots at a zenith angle of about 12W', The computer printouts
from ROCK 3 are reproduced in Tables VI-42 thru VI-61. The computed sea water

temperatures from ROCK 3 are plotted on Figures VI-78 thl'u VI-96. The thermo-
metric water temperature over the total period of measure ients was within
about ± 1. 50 of 299. 50 K. The computed water temperatures are in agreement

with this thermometric temperature on all of the 16. 5 GI-z plots (with the exception
of Run 11) at a zenith angle that falls in the range of 103ý' to 1140. Thus a
possible range of the invariant angle is suggested. The average value of this
invariant angle is 1090.

ROCKFN computed the apparent sea water temperature for the horizontal runs
using the permittivity values calculated in the adjacent vertical runs by ROCK 3.
This restrained the allowable horizontal emissivity vajues and hence the output
plots are referred to as restrained emissivity curves. The output data for the

16. 5 Gliz horizontal runs is plotted in Figure VI-97 thru VI-111. The apparent
sea water temperature is quite different than the thermometric temperature.
Examinationi, of these curves has shown no correlation with sea state.

ROCKFN also computed the apparent sea water temperature for both the
horizontal and vertical runIs using the theoretical value of permittivity for :ýca
wat•er at 2910 K. This set of reference curve!, is plotted in Figure VI-112 thru
VI-126.

The deiC iv eMin VitieS from the coniluter prog-ram L MISS are plotted in
Figures VI-127 th ru VI-l(;I3. The coiMn)1teIr priintouts fo 1 the derci ved eCiI ssivit tvN
are rIpIoC(IICeLI in Tal)is VI-(;2 thru VI--99. No di retL cori'relation with sea statc
has bhcl lo bid in cith_, thCh 0 horizon tal or ye i-tical cmi s.i vit\ plots.



The radiometric nmcasu:ernents from the stability runs and the switched polari-
zation runs have only been converted to app -rent radiometric temperatures. These
are plotted on Figures VI-164 thru VI-182 for the sLtailitv runs and on Figures
VI-183 thru VI-lil for the switched pclarization runs. Figures VI-192 and VI-193
are plots of a 9. 5 GI~z zenith stability run. These 9. .5 Gclz cnrves show severe
interference towa rd the end of the run. These runs are plotted as a function of
time, each plot presenting a total time interval of 1000 seconds or about 16-2,/3
minutes. Those stability runs which took longer than that were plotted on succes-
sive plots.

The horizon check runs were made at both 16. 5 and 9. 5 Gftz. These runs were
made at a zenith angle of 90o and through a ftil 3600 rotation in azimuth. These
runs were plotted on the co,,put-er hbut- a. not included in this report since they
are quite long.

The 9. 5 GHz run showed severe interference at mary points. Some of these
were concentrated near the Norfolk Navy Yard and the Norfolk Municipal Airport,
others were in areas where no specific local source could be identified. The
apparenit radionretric temperatures over the 360o azimuth rotation varied from a
high of 498. 90K to a low of 178. 8('K for vertical polarization and from 456. 4K to 123. 64K
for horizontal polarization.

The 16. 5 GIlz horizon cheek proJuced a much smoother curve, indicating much
less interfer1.1nce. The apparent radiometric temperature ranges from 239. 30K to
166. 70K with the highest consistent temperatures being observed when the antenna
was viewing the brick ventilation building on the island. The nominal building
tcmpcraturc was about 220"K, v1wout 500K above the nominal horizon temperature
of 1701K.

I
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J

J 0PAGE 1 RUN 17
DATA DATE 08/07/69

Ir START TIME 165500
FREQUENCYGHZ 1605

-POLARIZATION H
ANTENNA AZIMUTHDEG 310
INTEGRATION TIMEoSEC 01
ZENITH SKYTEMP 1.0

CALIBRATION OATA INITIAL CAL2 CAL3 FINAL

" MIN, CAL. TE14PDEG,K 307.91 307,35 307.19 307.09
* MAXp CAL. TEMPPDEGK 408.81 408.04 410,75 409i15

KK.FACssDEGmK/MV, 0.2498 0s2494 0.2491 0.2487
r YPINTERCEPTP DEGK -1372.22 -1370,22 -1369,19 -1363,43

CCALISRATION CONSTANTS IHITIAL CAL2 CAL3 FINAL

HOT LOAD 401,50 400,90 403,50 402,00 •

SCAL WGS - MIN 317.40 317,30 317.00 317,CO
CAL WGS - MAX 317.80 317070 317,50 317,50
WAVE GUIDE SWITCH 313,00 314,00 314,50 315,10

C' ANTENNA 3o0090 301,50 301,50 301,00
COLD LOAD 307.00 306,60 306,50 306,40
AVERAGE CALDATA-MAX, 7130.90 7107,20 7146.50 7128,80

-MIN* 6726.00 6729,70 6728.50 6717,70
-ZENITH 5566,00 5565,10 5569.20 5555,60

CALC, MAX TEMP. 408.91 4o7,38 410.99 409,22
C' CALC, MIN TEMP, 307.78 308,24 306.87 306.99

CALC. ZENITH TEMP, 18,04 17077 18.09 18,02

C'

COMMENTS
2-5 % CIRRUS CLOUDS DRIFTING OVERHEAD
I FOOT SWELL 6-8 iNCH CHOP WIND SOUTH 5-10 MPH
HL-0-401o5 CL-0-307,0 INIT // HL-0-400.9 CL-0-306,6 CAL2 /
HL-0-403,5 CL-0-30695 CAL3 // HL-0-402,0 CL-0-306,4 FINI //

- TAI LE VI -] A SAMiTLE MOI)hf)' ()UTPUT =•" =

vi -8
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PAGE 2 RUN 17

DATA DATE 08/07/69
START TIME 1.655
FREQUENCYGHZ 16.5
POLARIZATION H

ZENITH APPARENT READINGS TOLERANCE

ANGLE TEMP MV +DEG -DEG
DEG DEG K
0.0 13.8 5549, 1.9 2.5

20.0 20.7 5577, 2.6 1,6
40.0 27.7 5605. 103 1.5

o 50.0 32.8 5625a 1.2 2.0
60.0 42.9 5666, 1.5 1.9

S70.0 56.5 5720. 1.7 3,1
"80.0 83.0 5826. 3,1 2,3
85,0 120o2 5976. 2.8 2,4
90,0 162,9 6147. 1,6 1.9
95.0 116.3 5960. 2,7 305
1OC.0 112.6 5945. 2,0 2,3
102.0 113,8 5950. 2.4 2.3
104,0 115,5 5957, 3,9 2,3
106.0 115.8 5959, 2,8 4.2
108.0 120.2 5977, 1.6 1.6
110.0 123.5 5990. 0.9 1.6
Si2.0 126.8 '04s 3.1 3.1
111100 129.1 6013, IO 1.7
116.0 134,3 6034. 3,7 291
118.0 137.3 6046, ),9 1.1
120,0 141.7 6064, 1.9 3.1o122.0 144,4 J076o 2e, 2.1

j 124.0 150.5 61001 2,9 2.3
-126.0 161.2 5143a 2,9 1.8

128.0 201.8 6306. 3.4 5.3
130,0 249.9 6500. 0.0 0.0
140*0 283.7 6633, 0,9 0.8
150.0 287,8 6647, 1,7 2.0
160.0 279.7 6613, 1.8 1.4
170,0 213.6 6344. 3.4 2.3
180.0 196,4 6273, 2,5 1.5

STABI,: VI-I-B SAMPIIi: M(0111)D ,M TPUT'

VI- 9



RUN No. I 07/25/6q -i POLAR, 9.5 SHZ SEA OATER

C) ITEftAT?0.J NUMBER

IENITH ANGLE BRCG4TIESS APPARE4T CORRECTION
IDEG) TEMP. (DEG K) TE4P. (DEC K) TEP. (DEG K)

0.00 30R1 10.65 -6.fn691
13.93 10.35 14.85 -4.-5023
19.751" 13.08 17.55 -4.4724

(t# .2 ,5 19 .49 20,03 -4.3377
28.01I 1r.74 2,.39 -3.6462
31.47 15.81 21.58 -5.7704
34,56 19.?8 24.44 -5o0592
37.43 23.05 27.78 -4,7283
40.12 27.09 31,52 -4.4310
A 62.67 31 *12 35.59 -4.4696
45o10 41,?5 42.91 -1.6 9

47,43 45e29 46.85 -1.5631
49.68 48 54 49.85 -1.3280
51,.5 50.94 52.03 -1.0907
53.97 52.75 53.44 -0.6851
56.03 47.15 50.90 -3.746?
35803 48058 52.06 -3.4792
60.00 5MO19 53.64 -3.4510
61.93 52.03 55.63 -3.5961

0 63.82 5'54 58.00 -3.9569
65.68 62.31 63.65 -1.3534
67952 64,34 56.05 -1.7158o 69.33 65.08 58.0. -2.0212
71.12 67.25 59.53 -2.2801
72.90 68.50 70.65 -2.1644
74,65 70.03 71.40 -1.3671
76,39 52,59 62.59 -9.9820

S76.12 37.33 55.65 -6.3155S79,84 63.43 70.72 -7.2916
01,54 71,24 77.72 -6.4796
83.24 97.n7 91.54 0.5339
R 54.94 99.00 97.73 1.2711
86.63 102.30 130.91 1.3862
88.31 93.97 97:42 -3.4540S90.00 94.77 98.34 -3.570p

. 91.69 96,57 100.04 -S,4757693,37 95076 130,97 -5.2082
95,06 101.31 105.89 -4.5830
96.76 109.75 113.24 -3.4935
98.4S 126.55 125.51 1.1380o 100.16 13A.16 134.95 3.2127

101.6a 153,6 144.44 B.7216
103.61 165,41 149.49 15.922
103.35 96.89 112.23 -15.3364
107,10 96.31 110.49 -14.1748
108.38 116.24 322.33 -6.1421o110.67 131,.2 135.e1 -1.0924
112.48 147.23 145.53 1.7022
114.32 I?1,57 158,75 12.:0560116.18 1,6020 138.71 -2.4347
115.07 lO2,14. 118.44 -16.3042

120.00 93-07 114.10 -21.0265
121.97" 127051 136,57 -9.0567
. 1 140.61 152.62 -12,0120126,os 208.00 190.57 9.4207

C- 128,14 235,17 223.17 10.1994

130,)? 286.06 262.39 23.6906
,32,17 314,16 285.89 30.2666
39- 4.90 330.34 294;99 35.3470

137.13 264.98 259.03 5.9412
I39,18 272.27 260.59 11.6778

274.64 2',.,8 11.7609
286.13 270.69 15.4431

-148 2 287.34 272.66 14.6833
S93 284.13 271.71 12:4115|•,S294,58 275,81 16.7650

I 6Q4V 275.37 254.69 20.6805S6.00 O140.06 157.62 -27.5621
80Q.O t46.69 160.50 -12.6076

Cl
A46, CORRIMCIIN 7.90E 00 DEC. K

O TABLE VI-2. APCOR4 OUTPUT VI-IO
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-T UN No, Z 07/29/69 V POLAA, 9, OH! SEA WAMT

SITERATIO NUMBER 0

ZEN1IH ANaLE BRIGHTNESS APPARE14T CORRECTION
0. (OEG) TEMP. (DEG KI TEMP. (DEG K) TEMP. (DEG K)

0.00 3.67 21.64 '-0.9661o 13,93 42.50 44.55 -2.0415

19,75 49,19 92,26 -3.0736
24.25 54,65 57.41 -2.8286

I0 28.07 58.71 61.40 -2.6941
)1.47 650.07 63.61 -).5199
3q4,6 6Zo59 66,27 -3.S6846

0 37*43 64,63 68.61 -3.9630
40.12 66.43 70.70 -4.2752
42e67 67o94 72.58 -4.6450
43,10 71.30 753.0 -4.0072
47,43 72.32 76.62 -4.2995
49t68 72.86 77.41 -4.5445
51.86 72.92 77.71 -4.7831
53.97 72,61 77.57 -4,S51256,03 68,2l M•25 "7,c3as

578 .8003 67o!9 74.93 -7.3431
60,00 60409 74.83 -1.8430
61,93 66.50 74o93 -8.4334

r 63,62 66.21 75,22 -9.0133
63.68 66.21 75,74 -9.5261
bl",ý 66.30 76,37 -10.0769
69.43 66,52 77.17 -10.6504
ý1.12 67.01 78,11 -11.1066
72,90 68.36 79,20 -- 10.8467
74,6 70.98 80.44 -9.4625
76.39 45415 67.69 -..2.5469
7C,12 54917 73.98 -19.71)5
79,84 66.65 64.00 -17.3598
53.54 82.81 ?7,70 -144933

13,24 100.40 113,74 -11.3384
84,94 126033 135,89 -9.5660

8663158.0i ý1'2.93 -4.8300
88.31 220,41 205,97 14.4371
90.00 230.8 231.65 14.9318
91,69 273404 250v93 22.1133
93,37 286.04 262.87 23.1667
95,06 294.82 270.35 24.4756
96,76 296,92 272.306 24.5462
98.46 27;.20 263.07 16,1249

100,16 276.50 250,76 15.7188
101.88 276.14 259.48 16.6554
103.61 267929 233.51 13.7873
105.35 260,00 247.72 12.2813
107.10 245.70 238,23 7.,030
108,69 23',62 232.17 5,4536
110.67 236079 230.12 6.6684
132,48 232,44 226,09 6.3539
114,32 227.18 220,6 6.5241
116,18 196.79 201,95 -5.163%
118607 19M,25 195.7! -5.5025
120,00 186.39 192.15 -5.7562

C 121,97 176.-1 187.41 -10.4979S123.97 178,4 190.99 -i2.7512
126.03 208.66 212,88 -4.2201
128,14 253.71 244,07 9.5440
1109'! 275.36 Z02.6b 12.70'07
132.•7 290.70 27M.36 15.3,12
L34,91 299.1) 281 .37 17,7512
137.33 273,10 267.65 5-.466
139.88 270,51 268.83 7.6772
14Z2,57 7.7618, 29o931 7,4914S143.44 277,07 269,68 7.4860
141.33 274,53 Z57.91 6.6177
1593 268.00 264,09 3.9)49
155.75 280,85 261-5 12.2628
160.02 259.91 245,30 14.604*3
"166.07 116.73 152.17 -33.4363
130.00 !7076 140L54 -22.7780

ASS CORRECTION a 1.06F 01 DEG. K

TAPLE XI-a. APCORI4 C,[ITIUT Vi-I1CI



< I1EA~NRuv No. 4 01/29/69 v POLAR, 16'5 GHZ* SEA WAER

0 TKYO NUMJER D

ZENITH 'AJ0LE BRIGHTNESS APPARENT CORRECTION' '(DEG) TEMP, (DEG K) TEMP.. (DEG K) TEMP. (DEC. K)

0900 12.85 ?7.13 -4?5
- 3,131@37 31.50 -7.1222
1' 9*75 34,73 42.61 -7.8'92
24c23 37.18 '5.54, -8.3;70
M807 37,35 47e25 -9699C,
) 47 4 0.2 50 ,41 -9.9C24

34,56 43,69 53,94 -10.2431
37.43 45.40 56.eý -11.4539

451o02 78:09 -7.8713
49.68 82115 89.71 -7.3579
51.86 86.09 94.18 -7.29610ý9 go 9082 9788 -7.0650
56S03 86,91 77,37 -10.4590
50,03 90,68 130.91 -%1C.2322

0 60.00 94,78 134,96 -10.1805
61.93 99,51 09.50 -9.9916
63.82 105,04, 114.50 -9.4636

O 65.68 109.13 118.43 -.10.305?
67.52 115.24 124.68 -9.4440
69.33 123.26 131.76 -3.4927
71,12 132.33 139.63 -7.3t)12

* 72o90 142.09 148.33 56.9%?')
74,65 153,25 157,72 -4.47#6
76,35 169,97 170,36 -C-3808

7 17181.66 100.46 1*1945
79,84 193475 t90ý67 1.06i4
81,54 206913 211,03 5.00 7

* 83.24 21R,83 21-.51 7.2690
9 4,94 2-;116" 2.e2.lh 9.4490
86.63 244,46 232,69 11.5705
88.31 264.15 246.84 17.30',9
90.00t 273.27 254,69 19.3851
91.69 27'.,64 is9.51 19,1308
43037 ?74.91 25P,91 15.9997
93.06 275,72 260.21 15.5166
96.76 ?75915 250,ý7 14.7839
78.46 275.9P 251,56 14.3445

100.16 IT..C5 1 2s60.? 13.2575
0 101.83 270,99 259.05 11.9090

10~~.6l .6' 2.3 -# 8.7603
105.35 264,94 255.3ý 9.4384.

0 107.10liu,5 e 5ý. 4 ? A.0R16
105.88 257,M2 25c..56 6,4490

I 72'2,536 2 47v5 6 5.,.A890 112 ,4 9 241.21 243.91 3.2995
11#4132 241 , 4 240,03 1.8056
116,18 231*23 233.41. -2.2066o 116,07 2211,55 231.05 -2.5064
120v00 223,09 227.42 -4.3284
121.97 216.6,9 22-4.36. -6,6704o 12').Q7 z208,l8 2198.8 -10.2448
12600A 207,17 218,74 -11.5692
128 j 211.19 223,56 -12.3135
13 2459 245.86 M.0407
130,Z.1,9 7~7 6.4097

1349Wilk~1 274,20 10.6621
S 3.?217,V25 27Z.14 5.10,

* 139,88 ?OJ,32 273,33 a L1215
142.37 M0.3 282.59 9.3375
145.44 292479 293.44 8.8444,
14b653 Z92*15 Z83.35 a 791.7

4..

151093 . 288,113 280,85 7,9813
M,575 281,16 274.88 fi.2741
160o25 zeo.',5 2S'..10 43ý
166.07 236.16 239.94 -.3.7821

- 180co 170C,04 200,90 -30.P,'40

C ADS. CORRECTION a 8.95E 00 DEG. K

TO

TAE|H GE B LEG VI-SS APCPAREN OT PUO•ET V-1

C)G •P DGK EP (E )TM.(E )'



RUN NO. 5 08/01/69 V PtL6R. 16A GHZ SEA 4ATER

I0 o ITERAT10N NUMBER 0

ZENITH AYGLE BRIGHTNESS APPARE4T CORRECTI10
(DEG) TEMP, (DEG K) TEMP, (DE G K) TEMP. (DEG K)

0.00 12,60 19037 -6.7699

13.9' 20.94 24*62 -3,6012
19.75 23.38 27.22 -3.8381
24.25 25.41 29.40 -3.9A64
28,07 27,13 31.35 -4.2315
31,47 28,10 12.90 -4.8015
34.56 27.55 34.69 -5.1*,1
37,43 30091 36,46
40,12 32,10 38.22 -6.1162
42,67. 31,11 39,97 -6.8631
451•0 34,16 41.78 -7.6212
47,43 35,08 43.52 -R.4370
49,69 36,01 15.2i -9.2204
51•8b 36,97 46,91 -9.9618

o 5397 38010 .0.62 -10.5241
56,03 37010 490263 -17.1279
58.03 38o66 51.26 -12.6043

O 60.00 40.51 '33.64 -13.1345
61.93 42,78 56,4 -13.5582
63,82 45.058 S9.31a -13,7568
65.68 4?.17 51.82 -14.6473
67,52 50,98 9 -14.6107
69,3ý 55,12 $!.!w -14.5419•' 71s12 60,2s V4161, 14.3559

72.90 65,89 79.8. -13.9384
74.65 72,39 . 5c -13.1137
76.39 72,69 '.625 -15.5947
78,12 81639 7!?,". 014.3951
79,84 9100 114.99 .3.1931
8 81,54 103,84 113.27 -11.4261
83,24 107.0 121,86 -14.6592
84,94 19,99 139,37 -10.4136

O 6,63 158.19 153,10 -4.9073
88.31 22.,55 236.03 17.5220
90.00 252.22 229,18 23.0359

0 91,69 272.23 245.35 26.8799
93.37 274,81 001,74 24.0733
95,06 281,53 256696 24.5663

C 96,76 284,15 ;'0.14 24.0049
98.46 276,65 .57*42 19.2329

100.16 775,90 257070 1,1059
0 101,85 275.h0 257.914 17.0623

103,61 2 76,97 259.21 i;.761•
105,33 267.36 2J.IP!7

o 107sll 262.27 251.26 5ý^
108,88 260,35 250.10 10.2526
110.67 25A',6 248,95 9.7084

o 112.48 250.07 244,4.4 6v4260
114,32 244,n4 240,31 1,7?56
116,1lA 241,26 238,24 1 . ý122

11,7232,55 V~3025 ci.698'
120,00 22A112 230.73 .575
121.97 127151 230.412. A0

0' 123#91 W9417 226.99 -6.5235

126.03 ii .50 223.59 .11.99()R
126,14 M1.19 231.36 -12.*1682

110.32 267,96 252.93 5.0577
132.57 298.82 285.50 11.3198
134.99 )18124 299.33 18.'345
137.33 293,67 288,21 S.043?
139.63 304.44 275,03 9.4167
142.57 311013 330.35 I0.7726
145,44 313,79 333.02 10.7714
14,153 515v73 334.82 10.9077
151,93 314,65 304,64 10.0126

155.75 316.15 3D4.56 11.5'052
t60,25 104,67 2?4.35 10,3254
166,07 56,12 250.21 -. 08720 180.00 180,40 115.09 -34.6918

TAABS CORRECTIONE t051.01 C UG, K

TABLE VI-5. APCORI OUTPUT VI-13



RUN NO, 6 08/01/6O .4 POLAR. 16'.5 GHiZ SEA OATER

ITERATION NUMBER D

ZENITH ANGLE RRIGHTPJE)S APPhRFNT CORRFCTI10
(DEG) TEMP, (DLG K) TEMP. (DEG K) TEMP. (DEG K)

0.00 12.01 16.35 -3.0527
13.93 13.64 17,51 -1.0755
19,75 14,74 18,89 -4.1514
i" 248?5 1 x 20.31 -4.3945o 28,07 17.34 21.77 -4.4382

S31,47 16962 22.14 -5.5177
14,56 19,22 23,86 -5.6361
37,43 19,8 25.79 -5.9106O 40.12 21.73 27,89 -6.1626
42,?7 23.76 10,13 -6.3511
45.10 25.60 32.26 -6.6581
&7,,43 21#,21 34.81 -6.6046
49.61t 31105 37.57 -6.4221
51,86 34.31 40.52 -6.2101
53,97 37o63 43,65 -6.0232
56.03 42.68 47,74 -5.0597
58003 45.99 50,93 -4.9384o 60.00 49,23 54,02 -4.7921
61.93 5242 57.02 -4.5952
63.82 55973 59.93 -4.2012

0 65,611 54.28 50,43 -6.1514
67.52 58.04 63.76 -5.7204
69,33 62,29 57,66 -5.3749
71,12 67,18 72,11 -4.9237
72,90 73,02 77.08 -4.0678
74.65 e0,15 82.58 -2.4341
76,30 73.40 81.34 -7.9340
78,12 8a,n7 90.30 -5.2318
79,84 98.79 ID1.61 -2.82.55
81,34 114,91 115.24 -1).3273
63424 143,24 135.51 7.7778
84,,94 159,66 149,58 10.072R906,63 173,29 151,57 11.723088,31 198.37 177.87 20.4968
90,00 199,39 179.36 20.0301
91.69 190.29 172,32 17.9678
93,37 143,26 144.22 -0.9588
95,06 129,48 133.28 -3.793AO 96076 120,79 126.77 -5.9826
98,46 t24,88 128.14 -3.2583

I0,016 122.10 1'6,69 -4.5902(o 10,89 120,39 126.07 -5.4915103061 12. 67 126,17 -6.0944
1050•3 119,53 126.07 -7.0362
107olO 122374 129,19 -6.4519
1O0,8 136.87 132.04 -. 90041110967 127,90 134,16 -6.2663S11914R 127,91 133,37 -7.4584
114,32 131,39 138t43 -7.0410

110007 133 nO 141.98 -8.9804

0,00 t3,R7 145,07 -9.1950
L2,097 140.54 149,60 -9.0637
123,97 140,65 153.12 -12.4676126.03 147,99 10376 -15.7603
128, 4 QI!,61 1P9.95 -4.3334S•O 2 Z??,n9 256,46 20.637
P-2037 ;20,36 293,96 32.3997
134.90 3317 311,73 41.4346
137033 271.45 269.10 4.3439
139.69 2al,49 275.35 11.1316

r) 142,51 296.11 2e~i 14.4698145,44 )08041 291,t1 17.6229
148053 313,05 296,03 17.5165191.93 314142 T19,7T 16,4570
153.75 3I9 49 300,20o 19.0922
160.25 16.1t 2V7,37 1?,774.3

C 166.07 134,65 237,39 -2.7318
V 0 180.00 155.20 894 -34.1447

0 ABS. CORRECT1O0 4 9.I1E 00 DEG. X

C TABLE VI-G. APCOR4 OUTPUT VI-14



RU4 No, 7 08/01/69 4 ADLAR. 16.5 GHZ SEA dATER

ITERATION NUMBEl 0

ZENITH AYGLE 7CGwTýiSS APPAREWT CORRECT104
(WEG) TFM9, (OEG K) TFE9. (DEG K) TEMP. (DEG K)

0.00 1?.58 15.7n -3.1240
13.93 'ý2*fl8 13.97 -3,8947
19.75 13.29 17.36 -4.0758
24.o2 14,68 18,95 -4.2074
26,07 16.00 20,65 -4s6545
31.47 19.28 23,44 -4.1659
34,30 20.41 25.10 -4.6048
37,41 21,47 26.65 -5.1771

C 40.12 22.46 28.12 -5.6562
42.67 23.55 29.51 -5.9687
45,10 22o70 29.84 o7.1392
47,41 24,16 M1.3 -7.2174
49,6R 26.10 33.27 -7.1918
31.86 M643 35,55 -7.1201
53,97 31.07 38,12 -7.0513
56.01 35,65 41.80 -6.155A
58,03 38,53 44,66 -6.1256

C) 60.00 41,46 47.51 -6.0535
61,93 .44.46 50.3 -5.8977
63,.2 47,70 53.22 -5.5173

•" 65,68 45,0D !3.55 -7.6495

67.a5 49,93 57,03 -7.2031
69,33 54,06 $I,19 -6.8299

C• 71612 39,74 56.0Z -6,2875
72,9O 66.49 71.50 -5#0146
74,65 750!8 ?77,6 ý2.E221

76,39 95,77 19067 w1.39.92
78901 20579 81.98 -9.1881
7, 9169 916 91.62 -1.21960 1,54 118,22 119.53' -!.3132

43426 171,59 176,30 17.0970
98,65 19507 174.67 2M.396S 86,63 207964 185c60 22.0434

08,1 210,16 1i,64 21.5195
90100 205,14 1.835 20.1869S91,69 192,els 173.23 17,4216

93067 14691 14T,17 -0.2629
95106 131,47 5.5303 -3.5511
91,W6 121,75 17.2 -6.01109ew'1 !24:93 120.2F -3.3505

100,16 121,20 'A 6z ) -4.8565

O 01488 131.79 134.70 -5.9148
1161,6 124,14 133.12 -?.9V3ý.7
103,35 17125 12.05 -7.0021
10 127 ,s )15,45 150.42 -4.9714108.84 126038 132.08 -5.7007

110,67 124,20 155513 -9.1109
17 60,4 131,58 157.58 -1.6985
114,32 0139o7 1 72t48 -1.4098116,18 124,04 136.07 -12.0347
119•,07 13 17 67 144.4 6 - 7.17 T2 •
120,00 114 ,O 0 0•9,40 -6.6C44"
121,97 ! 42 , 1 151,48 -A. 9!t 45

1P0.32 26R,0 250.46 In.2392
1.2.57 311015 2?3,67 ?A.1645

U19,90 336,47 300.59 35.9844
137.33 273,97 257.89 4.0769
139,8 28A,46 274,06 13.5820

140 901281.59 14.9364
143.46 308,73 290.60 17.6303
148653 312.88 295,33 17.5527
151.93 i13465 2?7.15 16.4954
155,75 317,46 298.99 16.8658
160.25 304687 26.29 18.5824
166,07 232,46 216.69 -4.2282
S 180.00 169.11 1-7.47 -28.3368

*A~s CDECTI0 9.66E 00 DEG. X



RUN NO. 1 00/01/69 V POLAr, 16.5 GHZ SEA 4ATER

MITRAT1n'j NUMBER (
0 ZENITH A'iGLE qRIGHT-iESS APPAREr )T CORRJUCTJCI N

(ODG) TEMP. (nEG K) TEMP. (DEG K) TEPiD. ([EG Ki
0.or 14,S2 16,85 -P.330513.9I 10,1 14.88 -4.86 3"19,75 10,93 15.92 -4.99 1 :

?A1 N12.10 17.47 -S. 4 ,6 2
28,07 13.14 19.31 -5.072231.47 159 21.9:) -5.931034,36 17.50 ?3,91 -6.4624
57,43 19.01 ?6.05 -7.0464
40, P 20.19 78,17 -7,7780
42.67 21.71 30.31 -A.594445,10 27,02 42o24 "9.62Mn' 47941 24.14 34.49 %10.344149.6A 25089 36.85 -10.9613
51,86 fý7,79 39s34 -11.5516C) 53,97 29.00 41,.93 -12.029356,01 31.22 44.1 -I7.9359S13 .,04 31,79 47.10 -13.3129n) 60.00 36,6D 51.29 -11.6912
61.93 39,73 53071 13.9762
63,8OP 41,16 57 05 -11.991PC) 65,6A 44,69 59,8' -05.185767.52 40 37 64,26 -14.894169.33 54,59 59,20 o14.04?

C0 71.12 An 18 74.69 -14.ý13772690 67.09 90,71 -13.6c1n?74s6% 7 .1I A7c25 -11.7422
o 76.39 61, 0 A2,Ip -21.793478,12 75,76 93.84 -"l.016

79.84 94,57- 109.09 -14.5210. 810s4 117,67 127,88 -10.2123
83.24 151.67 153,00 -1.333304.94 180,71 176.11 4.6017

0 A6.63 210.29 199.87 10.423688.3, 25S,25 232,51 25.7471
90.01 278.61 249,39 29.22070 Q1.69 289.33 258,61 30.7178
93.37 274,68 253.08 21.6011
95,05 275.18 254.47 20.71570 96.7S 275,20 255o54 19.6518968.46 271.67 254.79 16.8861

100.16 274,nl 257.01 17.0014
0 101,88 279,A6 250,84 19.0136103.61 275.59 259.05 16.532010.35 77? .54 257 23 15.3D94
0 I07,10 264,45 252.35 12.1053108,88 254o18 246,11 8.0701110,6o 245,39 240.81 4.5flt
0 117.48 245,42 240.22 5.20491143•7 23A,35 216.07 2s2857116.18 233.17 232,77 0.3927
0 118.07 22).S0 230,24 -0.7421120.00 219.27 224e57 -5.2987

421.97 217,16 223.46 -6.3044
0 123,97 215,73 223,19 -7.4699126.03 205*.5 219.54 -14.2892128.14 2Zlo46 232.54 -10.0825i 130,32 2610)2 250,83 4.1955

- 132.57 293,18 2R1162 11.5657134,90 311.61 294,0', 16.7213
137,33 292,01 2V7,05 5.7655139.88 301,61 2948;s 9.4475142,57 310973 299,.4 10.6836) 145.44 313,49 302,76 10.0347148.53 312831 2 11.156
151,91 316.31 336,04 10,2716

- 155.75 322.99 339,13 13.8629160.25 312030 299.22 13,0746166.0? Z5% 00 250.12 -4.1186
c lO80.n 172,47 210.06 -37.5930

( AS. CORRECTION a 1.15s 01 0EG, K

TABLE VI-8. APCOII.t OUTIPU'r VI-16



RUN NO. 9 08/01/69 V POLAR. 1615 GHZ SEA OATER

I ITERATION NUMBER 0.

ZENMTH ANGLE BRIGHTNESS APPARENT CORRECTIO3
(DEG) TEMP, (DEG K) TEMP. (OLG K) TEMP. (DEG K)

0.00 12.53 17.63 -5.0966
13.93 13,46 18.97 -9.5134
19,75 14,94 20.95 -6,•lO8
24.25 16,46 23.04 -6.5'l5
28,0? 17,83 25,21 -7.3950
31,4? 19.86 27,89 -6.027'
34,5h 21,01 30.09 -9.0e7
37,43 27.22 32.27 -10.0043
40,1P 23,4T_ 34.44 -10.96')9
42,67- 24.04 16.63 -11.7'2R
45.10 24.64 37.92 -13.2765
47,43 26,24 40.27 -14.0335
49,68 2R.25 42.96 -14,7101 I
51,86 30972 45.97 -15.2431
53.97 33.72 49.26 -15.5375
56,03 35,s42 51.98 -16.5656
58,03 39,50 56.08

600)44915 r s 6 -1-6.52D7
-• 49093 55 .76-1 . 3 m

63.82 36h,6 71.31 -14.9536
65,69 46o64 A8.67 -22,.0278
67952 56997 77,16 -20.1875
69,31 70.07 08036 -18.2906
71,12 86*58 112,2t -I.6188
72.9n 106.09 118.59 -17.5003
74.65 127.30 137.48 -1.1834
76,39 187,72 176.89 100836&
75.12 206.A6 194.52 12.3345
79o84 224,05 239,94 15.0102
81,04 240.72 223.20 17.5187
83*,4 253•,0 234.41 19.3P68
84,94 261,04 243.40 26.5406
86,63 271,43 .250,27 21.1635
88,31 274.86 25403A 20.4830
9go10f 277.,9 257.69 20.1998
"91.69 279.14 259.57 19.56•0
93,03 275.98 258,82 17.1572
95.06 271,29 259,12 16.1729

S 96076 274.08 259.23 15.1400
98,46 273.93 259.46 14.4675

100,16 277,14 258.86 13.2B22
101.8R 269e66 247.73 !A.9328
103.61 267,60 216,58 11.0706
105.35 261,3 252.66 7.6638

C' 107,10 259,68 252.03 7.6719
108.8R 255.61 249,51 &.1045
110,67 249,18 245.22 2.9S03o 112.48 247,61 244.34 3.2 674
114132 239.89 239.77 n.II15
116,19 234,75 236.40 -1.6521F
115.07 227.94 2M2.43 -4.4966
120.00 227907 231.84 -4.7696
11,97 221.12 230.12 -6.8015
123.9? 221090 2?9.82 -7.9213
176,03 216,m0 228.28 -12.2052
126,14 229.36 23J.63 -9.2757
130,32 267,68 2S3.73 3.9467
14,257 92.67 . 291,92 10.7468
134.90 30n.63 2?3,19' 15.4443
117,33 290.47 2R5.13 5.3361
139,88 299.17 270.65 8.5197
142 057 304.22 274.78 9. 4369
1 45.44 310,45 2M8.10 11.5414
148,53 409,82 298,56 11.2659
151,91 304.57 294.08 10.4883S155,75 282.04 273097 3.0656
160.21 265.09 265,46 -0.3689166.07 237.50 246,31 -8.5159"180.00 220,n3 235,06 -15.0316

ADS. CORRECTION * 1.16E CG EG. K

TFAll IA1 VI-9. APCOR1U OUTIT'IJ' VI-17



RU4 NO. 10 08/01/69 4 'P01!.2 16*5 rHt SEA 4ATER

ITLRAT1O4 NUMSER o

ZENITH A4JGLE ORTGHNT~ESS APPARE'J7 CORRECT10ki
(DEGI TEMP, (DEG K) TE4P, (0EG K) TEMP. (DEG K)

0.00 12..70 19.79 -7.05tol
13091 18.06 24.18 -5.3725
19,75 21001 26.81 -5.6012
24,25 23,12 29,.16 -6.O040'ýF.28,07 25.11 31,37 -6.2612

C1023n,2 39'(3-R.8727
42,67 30 42.27 -A.84164510I29:432 -1.2675
49.63 3640.7 46.36 -9.9565

496 07 Uo27 -9.5111
51.86 45,77 54.88 -9o1102
53o97 51.08 $0.13 -9.0481
56.01 65,17 70.25 -4.6886E
58.00 70.39 75.23 -k,809"
60.00 74,62 79.31 -4.6902
61.93 79144 82.64 -4.1997
63.82 82.69 83,24 -2.5496
65066 61028 74,61 -13.3231
67952 67 ,3 0 78.85 -1 ''f
69.33 71070 6$680 -10.09A2

C' 71.12 86.84 ;5.35 -0.5239
72.90 100.88 117.45 -,71
74,65 117t53 122.02 -4.4891

C 76,39 141*99 144.flu 4.1?18
78.12 169,06 152.24 6,8240
79.84 190.51 100.47 1oo0384

C A,54 212.06 199.57 13.2870

" 3o24 260.30 230,59 2q.7!65
044,94 272,17 240.95 31.2169
1 6.63 271g73 241.13 3n.6242
F88.3! 241.39 223.13 18.2681
90.0n 226.19 211.14 15.0517o) ?1.69 208.57 177.25 11o3186
93,37 175,57 175 30 -0.0217
95.06 16f)168 1!54, .2 -3.3423
96.76 151,12 1.' "10 -5.7804
98,44 151.76 xs5 )2 -4.1519

100.16 148.66 15 q -5.29n5
101.88 147,67 143,0I -5.809A
P10361 147.P' 15?i'6 -A.1179
105,35 1320Q7 17 08 -4.1075
107o10 130,74 ~ 56,37 .64
108,85 14964! 156.00 -6 .5 7r, 4
110.67 149.594 156.54 -6.7014
112,4? 146,66 155.4 -8.8064
114.32 150.10 158.17 -7.8235
116,101 150098 159.55 -8.5703
118.07 153,13 161.87 -A.7329

121.9? 158,03 168.41 -10.3515
123.9! 164,52 175.703 -ii.1741
126 01 173.74 187,47 -130, 273
128.14 231,12 Z26.94 4.3R04
130432 277.56 261.59 15.9680
132.5i 070 285o27 22.626S,
134,96 325,19 296.99 28.1922
11~73l 27F.44 272.37 6.0s66

13.9280.28 276,90 11 .3785
142.57 293,40 281.2T 12.1311
145,4k 302,11 257.91 14.3969
14ý,3ý 304.73 ~ 9.514.1051
151, 304,M5 210 .6 11.1630
155 3104.11 211,111 i4.?002
160. M;)~9 lo .00 13.7401
166,07 232.60 2 Is. '. 9 8!
16000o 194.35 201- -9.8

C~A$$, COftOECTION 1.1 Cl ri ot K

'rAll ii; V1-1 AIPCUR1 11111 V1- 8



~ IT~j~1~RUN No.

4DFOGLE -5Cb4* 1
*DF !E) ,Dc( 

SE4AE

13.9.5 FE .939G ) ORF4r

4 .12 
TE16.3

24, 25 1 
54A 1 34. 00 9. 39

67.2 1 7, 47 1 37.)7
69 .33 15441 15. 3 18.5D

-17 0.9-92

34.3f) 1.9,44 177 54 . 5937-41 1OS 4 1,, 19 1 476 05 23

lo-li 11.1,91r.39419
42-6 14635'4-8396160) 2 97. 14 6. 6. 66

074 1O46. Z 7 -5.33353

I 4P. 3 7 46.
51 - H6 43, m 1 8.97 36353.97, 2 10.212~1 3..1 ;..o 6L)65

36.n3 1733
26444.18

60 t213 709 153.0 8195
231,33 15-6 -,664

637.68 1473 9 2.3.3 M32

72.9 4 ~ ~ * .9j- 4 -3 ,2

78-1., 15 .4 17Z-?6-1 -2
79.84 ¶3 7r. , , 71 7 . 9

A3 4 12O~ A4.4 09 -17.
84 F01,4026

272,1DT -286...

00 ?9 .8 2 76,4 9761

93. 1 219,1 11: AP'943j



RUN NO. 11 09/03/6.9 V POLAR. 16'.5 GHZ SEA OATFR

MTRATIU4J NUJMBElk o

ZENITH A'JGLE RRIGHT14ESS APPARE4T CORRECTION
- -(DEG) TEMPo (DEG K) TEMP. IDEG K) TEMP. (DEG K)I

0.00 121.53 124,22 -M.6095
- 1)691 12r), m 127.84 2.0410

19,75 120.29 127.28 1.0072
2492K 126.22 1?6.01 0.20,)7V28,07 124.45 124,35 0.0995
314 111.70 116686 -5.1611
34.56 110.50 115.82 -5.3245

r-31.43 109.38 115.52 -6.1355o 40.12 Joe ,9 pt13.s82 -6.9249
42.87 108.1 16.6 -7.8041
45.10 111.45 11.8-7.5268
47.43 112.16 120.33 -8.1658
49.66 112 145 !2lo57 -8. 7145J 797 113,92 123,76 -9.8390
51.03 112.40 122.71 -9i.3098
56.03 113.33 125,03 -11.6966

O 60.00 114,33 126,47 -12.1404
61.93 115.63 128.13 -.12.5009
63.82 117.45 130.00 -12.5528

C 65.6A 114.81 129.66 -14.3479
67.52 117.93 032.49 -14.5635
69,31 121,98 136.16 -14.2757
71.1? I12.2 i4.0,62 -13.9013

%'o132,74 145,86 -13.1204
r- 74,65 14 1 4A 1 151,P6 -11.2486

76.39 129.14 148,40 -19.2659
70,i? 143,81 159,33 -15.5200
79,84 161.76 173.57 -11.6n82
86154 183.52 191.09 -7.:P708

$,4221.43 217.38 4.0512
A4994 244.94 236.13 A.8101
P 6,63 265.47 252.55 12.9225
88.31 281,70 2S7.02 16.6736
90100 297*f"5 278.54 19.1082

- 91.69 30R917 247o43 20.7220
93037 314o24 2;3.26 20.9872
'5.0A 318.76 2?7.47 21.2918C' 96.76 320.62 299.57 21.0476
98.46 316.11 2?'1.88 18.2345
100.16 313110 297,64. 37.5602

C) 101.88 314.52 297.23 17. 3138
103.61 105.348 202.19 1;. 193-,
103,35 307.l6 2V2.23 14.8352o 107.10 293.76 24.o45 9.3124
10868A 24A.AL% 279.96 S. 9042
1o.067 288.25 279.81 8.4410o 112.48 279.30 274.42 5-C352
114,32 271.81 269.49 2.319?
116.18 271,79 258.33 2.9662o 118:07 2c,4.91 2S4.19 0.7993
120,01 25.5 750.69 -2#5440I 21.97 24)o24 254*i8 -5.3401o 73,97 250.09 255,25 -4.5535
126,0-4 245,80 25.ý ',5 -7.6547
120914 ?50.70 257.91 -7.6990

K. 130.32 281.48 277.84 5.6435
132.37 279*.27 277ý94 - -1.4339-

114,90 275.74 277.84 -2.0622
137,33 299*74 292.09 &.6537.
1390011 301.ni v5-.54 5.4717
142.57 306,P) 299,12 5.1030

() 45,44 12407h 311,18 11.0012
14*5 23,59 311.03 12-5959

155*75 264.59 270.56 -5.9640
160625 24114ý 253.06 -11.6251
166,07 236,39 249.92 -13.5242
180.00 283.43 035,73 7.9021

M.C CORRECT1O'4 *9#70E 00 DEG. K

TABl LI:V W- 12. AtPC )li- OUTPUT
'P11I-Ji: POINT CA LIISI AT1ICN vi -2



iS

o RUN NO. 12 08/05/69 4 POLAR. 16'.5 GHZ SEA OATER
ITERATION NUMBER 0

ZENITH ANGLE BRIGHT•iESS APPARE4T CORRECTION
(VEG) TEMP, (OEG K) TE4P. (C9G K) TEMP. (DEG K)

0.03 1470.4 13?.92 9.11731,93 I21.18 124,73 -1.1492
19,75 19,19 170.73 -1.3385
26o25 115095 118.25 -2.29bD02,.07 113,56 116.56 -p.993031.47 109,32 114.11 -4.791714,50 103.14 113.5. -5.3937
71,41 107,37 113.45 "h.0809

40.12 107,12 113.7b -6,641942.61 107,35 114.431,0F10
43.lo4 107.72 115.18 -'.455447.43 lon.8I 116.37 -1,5794
49.6M 1111)011 117e.93 -7.59t931486 1 A7 .1 3  

119.67 -7.534713,97 114,.7 121.68 -7.406556.03 116.01 1?3.8 -7.2?01458,04 110.22 176.34 -7.1175
60,00 127,n8 109.03 -6O92461,91 t25.79 131.85 -6.5663
63.82 127.13 049 -5.777S
65,66f 125.15 13'4.07 -A,9229
61652 13r.si.5 X18.45 -7.874469,33 137.19 'I4.09 -6.)73
71.P1 145,16 150.94 -5.7742
72,91 15,',.56 158.97 -4.406~974.65 16 'A3 I%~1 '7976.39 174,18 i79,2 076
78,12 19?o46 1ý0.4Z 7.046ý279M84 206,51 2D7.48 4,3349

222.4 2 12,0 215,43 6.676783,24 249088 234.51 3,.3650.
8~4,94 261,312 244,24 17,02174* 6,3267,4b 249.72 17.7330266.76 250.1Z 16.6382
90,06 Z0,28 747.65 15.6)
91,69 255.48 241.61 :3.861443,37 732,37 2?7.05 5,3111
95.06 Moll11 719.07 3.03919 0,76 211.60 212.63 0.976398.46 210112 239,19 0.9355

100.16 203,07 234.16 -1.0sq1
101.8A 195,29 199,01 -3.7246103,61 19n,n8 1 5.75 -5.6635
1 t5,35 196,21 1;8.770 -. 4935"107-.10 191,96 1?6,65 -4.6884106,88 191.[1 196.38 "5.3674
110.67 194,76 1978.,6 -3.8799

11,3q1,,9&b 09.48 -5.5167116.18 197.7 2D32.35 -6.5741
118.07 198.7 ?33.73 -5.1635120000 201.43 2'6.03 -4.5957
121,97 191.93 204,34 -8.4096123.97 20",14 238,74 -8.6056
126,03 205.70 216.65 *10,7515

M01,14 251,49 247.04 4,4195
130.32 28A,43 272.40 15.9261
032.57 281,45 272.43 'g,0519114.90 278,40 272.,•3 5.9961017033 287053 278.86 S.9169
179,88 291,09 VR2.48 8.6072
142,27 294,50 286.75 7.7475145,44 316.41 3^30.70 15.7121
148,61 117.30 3)2,35 14.9350151,93 312,41 297,01 15.3999
14545oS 269,78 25,64 0,1384160.Z5 249,08 253.50 -7.6183166.07 236,84 248.5) -9.6581180,00 29N.63 281.23 17,4046

ADS. CORREC TMON 7, .1?E 00 DE3, K

TAB LE VI -13. 'APCOR4 OUTPUT
TWO POINT CA LID RATION V-21



RUN NO. 12 04630/&g .4 POLAR. 16'. 13 HZ SE&oAE

ZEN]ITHj AIJGLE SRC'4TNESS APPt.RE4aT C)A(C1
1CEC) TEMP. (DEC K) TEP (07EC K) TEMP. (bEG X)

0.0') 117.49 137.67 9.B243
13.91 91071 73.20 -1.4842
19. I' 87.16 18.8b -1.7031

2421S.43 A6.23 -2.7685
28.0 7 8'.8,9 A4.41 -1.5249

3,771%.06 31,67 -5.6c%84
34 .51k 74,09 81.14 -6.2572
37.41 74.16 R1.18 -7.0115

J40.1? 74.03 P1.66 -7.6781
42.67 74.,45 A2.53 -A.0741

o31 75:09 93:5A -8.4856

49.6R 76012 F6.93 -S.bD95
~11,60,.5 P9.05 -4.5337

56.03 a's, s4 ?4.05 -A.!191
58.01 88.9.1 lb .9 -A.0252
60.00 92.24 1X0.03 -7.7918
61.93 9ý'95 17i',134 -7.3678
63.82 100.37 136.85 -h.4924
65.068 96.07 1,16.0 -9.1
67052 102.175 111.06-.12
69,31 100075 117.46 -7.7143
71,12 IIA075 175.23 -&.4531
7249n 12.1)o4 114.26 -4.9199
74.65 141.45 14-4.63 3 R
76.39 156.98 157.07 -0.0906

712 7'100 159.61 2 .2A7
79.84 18q 01 183.16 4.84A1
9 1 654 t0l.17 1:17.o73 7.46R3

A3*24 23&077 219.09 17.1730
84.94 Z49.14 711.13 19.0385
A6.61 ~ 5~82!6.25 , 19.8342
P5031 ?55.34 236.75 1R.5RR7

90,01) 251.A1 214.12 17.4F70
1,9241.07 227s54 15.5340

93.37 217.58 211.51 If.0636

9510h 201%0'44 212.78 3.5594
C 9.76197051?3.76 1. 2A76

98,46 193.48 112.15 1.3339
100616 18q,73 186.65 -0.9140

C) 10.~177.09 180096 -1.9667

11)0361 171.33 177.3S -6.029&
1l3 178.10 40o. 63 -2.5335

107.10 171019 178.36 -4.9724
10.8172,33 178.07 -5.7334

110.67 176.48 I180.59 -4.0943

112.40k 171.61 179.71 -6.0988

114632 17,1449 141.51 -5.9194

116.1A 179.80 184.69 -4.8860
I 118.007 180.68 186.22 -5.5367
120.00 193.86 108.77 -4.9101

121.97 177.70 196.90 -9.1274

123,97 192.41 1411.7 -9.3585
126,03 188.8 102M0.52 -11.7164

12.4239.16 23407 5.0699

* 130.32 279.86 252.11 17.7514
1132.57 272.29 2S2.11 10.1789
134 a9c, 269.03 252.11 b.9174
137.33 278.18 Z6S.60 9.7759

0139.86 282.00 272.54 9.4553
0142.517 295.71 277.22 6.4923

0145.44 310.18 2 2*V 17.4193
149.53 311.03 294093 1&.5327

151.93 S05.40 2380)6 17.0362

155.75 256.33 256.4) -0.0791
160.25 234,96 239,27 -4.3070

166.07 222.13 2)3.*2 -11.1931

180000 258.70 269.70 18.9994

0 ABSS CORRECTION a 7o96E 00 DEG. K

(7 TA1BLAE VI-14. APCOIR4 OUT1PUT
THRE~E POINT CALIflIATMNT'



OUP 'i3/ 13 0/06/69 I PljLAR, 15 C,4 SEt. o6ETf

() TECR nTIUq kjU'BE~ 0

ItNITH L'JrLE RRICY.TIESS 6P:APE'4T C.rCTIJ
(DEC) TEMP. (nEG K) TEMP. (OýG K) TEMp. (r G K)

S0.01 flns )15.52 -4.957A13.73 16.17 19.13 -7.760)

1970i.1? 20.83 -1.262)24.25 1if71 22.21 -1.5195
28.07 196A5 23.47 -1.62053 1 .4 7 1 7 . n8 22 . 6 S - 11. 5 ft l

o 34.55 In.39 74.11 -5.719A
37.43 19,75 ?5.83 -h.ot59
40.12 21.77 27.75 -t .498

0 42,67 27.76 Z9489 -7.1309
45.10 25,74 32,87 -7.15M1
47.43. 27.11 15.15 .if.5454
49.60 26.77 37.-17.272'

old~. VI , 9 39.15 -9.1700
53.97 31.42 41.12 -9.6964
56.01 31.64 as1.I5 -1. 2 65
38.03 3?.16 43.8S -11.6422
60.0.- 33.lk6 46.01 -17.2312"61,91 3',5 48.54 -17.6986S31. 3l7 , i ý 1.21 -I1.00&8
65.6R 39.?0 53.51 -13.5076
67.5P 47.7b 56.72 -11.9537
69,31 46.19 50.27" -14.064111.12 510•3 54.17 -14.1375
12.9, 54,39 58.37 -14.0033

5 74.65 5).46 72,94 -11.4787
76.39 57059 74.18 -14.5853
78.17? 64,8 80.59 -11.7365
79.84 71*33 88.24 -14.9406
81.54 63.4.8 77.12 -13.6323
93.4 84 13 111.92 -17.7936
04.94 14.10 118.22 -14.1?nS
It&.63 13 ?.410 141.01 -R.9113
A8,31 192.70 111.46 1I.2451
90.0. 223013 2V6.01 17.2243
91,69 247.73 225,69 20.0452

" 93.37 265.47 240.35 25.12A3
95,0b 277.08 2S0'4. 2A.6671
96,76 282.45 255.73 26.7214
98,46 274,4 .. 252,7; 21.2478
100.1% 272.18 252,45 19.7167
1nl,6 26mq9 251.0: 17.5949"I l3..101 264.1 219.24 15.6654
105.35 261,18 247,15 13.91r6137,111 255,46 243.9s 11,497f)
118.84 25zsZ 240.76 0.4350
110.67 244e21 237.12 7.0863
112.46 234,.1 231.89 2.72ý4
114.32 23-.03 213.75 4.73?11
116.16 237.0D 230.65 1.6317
118.07 230.23 229.57 0.616?
120.0fl" 22.o16 278.51 -0.34564
121.97 215,76 222.51 -6.7470.73.97 222.07 226.85 -1.8019

C126.03 20DA59 221.47 -12.8783
128.14 227,99 233,54 -10.5415
130.32 277.70 25R.A8 1.322
!3z.57 311.13 2)3,81 17.3205
434.9n 331,59 318.35 21.3340
117.33 i00.10 273,3, 6.7152
139.e6 31S05 2)9,77 10.8665
142.57 316.q 6  314,53 12.P634
145344 31.11,a 335.65 11.23h5

(0 148.51 317.,2 336.65 11.1559151.93 31h.n5 335,95 10.09h7
•5.75 315.44 334.81 10.6336

o.,60.25 305,01 245.92 9.0896
166.07 266-16 268.48 -2.4227
180.00 202.74 231.28 -28.5305

ASS, 6AR•ECT104 a 1.14f 01 DEC,
0

S TAI 1.: V'I-]5. .\PCOIN- ouTrPUT VI-23

0



CUN . 14 08/06/69 .4 POLAR. 16'S G0Z SEA OATER

ItERTTIO NUU48ER 0

ZENITH AXGLE BRCL4T-JESS A0 PARE4T COltFCTIOm
(ODE). TEMP. (OEG KI TEMP. (DCG K) TEMP. IOEG K)"
13.93 15,17 19.01 -1,4971

19.7i I,'41 22.05 -1.64o?
24.25 21.03 ?4 0528.07 27,12 25.93 •-1,8l01
31.47 2303o 27,83 -1.892734.5S 25.45 29.55 -4.097037,41 21t915 31425 .'4,31')7
40,1? 2R,40 32,95 '-4.543042.67 29.83 34.61 '-4,7804
4 10 3'j,82 36.02 -5.1926
47,43 32,41 37.71 -c.302049.6. 34,17 31f,,53371
91.86 36.08 41.35 -5.319053,9? 38.09 43.33 -5.2442
60.03 39,13 45.25 -5.3128

53,03 42.12 47,39 -5.264961,91 46,03 52.01 -n.1853

63.67 4901 5#*48. -:.9670S65.66 490t5 5594S ah*3121
67,,5 57.49 58.51 -,Ot156
69.33 56,12 62.07 -5.7460
71,12 6D,74 S6013 50'1943
72 ?o,9a 65.54 70.67 -i.846674.65 71,75 75.7z -1.9787
76.39 73.15 78.73 -S.5500
78.12 81035 85*53 -4.175879.84 9%,&9 93.46 -0.7b70
81.54 101,31 132.49 -1.1786
53,24 112,44 112024 n.191484.94 125075 123.77 1.9808
86.63 14n.47 136.73 1.738588,31 179,64 161.52 16,1219
9001535 IS6.9b 18.394591.89 180.10 163.28 17.071293.37 137,90 138.53 -n.6005
95,06 12S909 129.15 -1.060096.76 117,93 12i,07 -1$1436
10:.:: 1191.57 192 73198 .46 118 .47 122 .52 -i.0444
100.16 i1',91 120.47 -5.6619101008 9ll107 119026 "?,31172
103.61 114."7 121.24 -7.0095
1053•5 119.65 125,18 -1.4967107010 12n,93 127,05 -A.12450 103.88 121.98 128085 -6.063?
12.567 1248 131252 71.0473
112.4. 121.2b 1352. -4.5519114*32. t3],l5 13812? -4.9235
116 ,18 135 01"v 16169? -6 ,6012S1160,0 137aeb 145 ,22 -7.3641
120 ,00 137 ,136 147 ,•1 -9.8475
121097 1500•6 15607? 0h,72671-.123 .9 7 151 ,0 4 152 s9 2 09 ,1 789-"126 ,03 163,46 174 ,9^ ;11.4102
X28614 203 ,g7 2ý6 06; "•,90?b
130032 206310 259,91 20.2733
132S, 7 1270b6 26926, 30.3005134,90 354e92 315,43 39,4859(')137 ,33 2950.12 294,75 1ft ,4702
L39 ,08 309 ,08 •1,1 30 ? ? O
142.57 315,n8 2,73*7 19.3216
1 ,459 - 311,24 2V 4,02 140417401480,3 311,00 295,20 MqOM

1T109A I0-,19 294,3P 1O88123
0155,75 310,49 2;7,2v 0.0926160m21 103,0O 246,33 1&.6685

166,07 13-932 242,17 -508431
. 180,00 190,13 21?,77 ;19.6361

A&SS* CORRECTION S• q O EO00DEC, K

TAB 11I: %q-lG. APCOR,1 OUTPUT VI-24

0)



AIUi no. 15 08/07/69 V7 POLAX. 16'1 C4 SEA odhTEAk

I TFR AT IW rN UM6EP 0

o ZENITH A'AGLE '%RJG4T~jFSS APPARE'4T CO~RFCT134
(DEG) TEmP. V)EG X) TEMP. gnFlG K) TEM~P. (DEV. 9)

8*n A45 12.93 .41
11 .9'A 120.%0 15.64 -1.1450
19 71 - 14.09 1?*.35 -3.2635
14 i. 2% 1 5si 0  18.9? -1.4227
?C107 15.77 20.4t1166
31.47 17,14 21.44 -4.2963

40.12 20.h9 26.01) -S.4036
42.67 21,65 27.73 -&.ogle

4.022.86 29.56 -1s.6916
47.4.1 23.77 31.25 -7.4828

9.1024.54 32,67 -R.2562
51.8A'% 25. 015 34.51 -9*0078
53.97 26.46 36.11 -9.6420

c56.03 26o42 37.15 -10.7526
38.03 27.58 38,91 -11.3362
6 0.0 1 28 s $3 40.81 -11.9704
61.91 3'1, I>9 42.83 -17.5386
63.6) 12,'%5 4.503 -~12.9456

6.A32.56 46.57 -14.0045
67:57 34.91 49.17 -14.2690
69.31 37.5? 52.13 -14,5367
71.1? 4 Its 0 55.34 -14.7401
72 .9) 44.15 3618.6? -14.7439
714.65 45,43 52.71 -14.3020
76,37 44o78 b2.51 -18.2370
78.12 50.99 55.42 -17.4335
79.81. 59.01 75o73 -16.7186
41.54 68.98 R4.41 -15.4347

e3.?9 6A019'.8.o69 .20.0979
04,94 69.42 135.57 -16.1544
06,63 119.016 129163 -16.5428

86.*31 165.11 173-29 11.7185
90.011 217.06 1,19.,13 16.03n3
91.6* 247.20 2;9.17 2390330
93.37 2508,55 232.13 24.4121
95.0s 269,1~7 21h2975 26.2005
96,7f6 275.15 2469,42 24.7899
96.4S 271.71 21.9.12 27.5894

100.15 273.28 251.16 22.12456
13.8?74*,68 252.53 Mt.491

103.61 265.91 2f#8s13 17.7770
115.35 262.20 245.83 16.3971
107.1n 254.11l 24.113 11.1734
106.88l 247.18 236.75 10.4184

*110. 7 247.06 233.42 6.6460
112.4R 236.00 229.62 6 :6795

o114.37 229.44 225.43 4.0392
116*191 222.24 220.95 1.2907T
116.07 217.46 217.93 -0.4752
120.0011 210.'47 214.38 -1.4009
121.97 209.05 213.46 -4.4245
123.97? 203.04 211.37 -7.4496
126.63 196.44 239.57 -13.1l252
V50.14 211039 225.85 -8.o4630
130012 256.66 251.47 5.1903

- 132.57 §26276 271,1S 1146098
134.93 300.82~ 29497(C 16,05is
137.33 291015 262.51 8.7344
1390OR 30,186 2M0.13 11.7s550
14Z.57 3018.32 275.75 13.0727
145.44 310.06 297.64 12.4233
145,53 7110.94 296.65 17.2904
151.93 308.a42 2?7s.17 11.2501
155.75 30.9 23.3 10.5779
160.23 290,69 232.01 8.6759
166.07 244.62 250.35 -5.7236
1M0.0 189.79 217,06 ;27o2675

ASS, CORRECTtO'4 *1.17f 01 nEGe K

TABLE VI-K17. APCOII4 OUTPUT VI-25



RUM 43 .16 08/07/6q 4f POLAR. 1e'i 0142 SEA 49TER

1 1TER AtIJ j Ju NuBER 0

LE141TH A4GLE ARIGWTNESS :APPARE4T LORRECT1304
(MEG) TEMP. (t0EG K) TE~4P. (IOEC K) 'TE'i. (D~EG A

0.i 8. 47 12.15
13.91 1tn.12 13,34-
19.71 12.20 15.33
24.24 13.40 16.73 -1.2475
23.07 14,72 16.15 -3.4)23
11.47 16.40 14.83 -3.4254
i 4.5s 17,47 21.21 -1.7420
17.41 18.51 22.55 -4.r)495
40.12 19.51 23.69 -4.3779

*42.67 20.49 25.23 471
45.10 2.6,10 26.2) -1.7124
4 7043 2?,20 27.59 -5.3898
49.64 21.59 29.05 -1.46n7
51.86 25.14 30.61-574
53.97 26."? 32.125 -5.4345
S6.03 2ft.46 33.94 -4.4619
50.01 3fl*77 35.77 -5.4993
60.01) 3706 37.70 -9.5429
61,91 304.17 39.72 -S.5457
61,62 3,%.45 41.32 -5.3742
65.64 35.020 42923 -0.A9937
67.52 3816 44.91 -6.7406
(19.33 41.65 $8.18 -6.5329
71.17 45,78 52.01 -6.2303
72.93 50,76 56o37 -5.5o88
74.65 56.06 51.25 -i.3901
76.39 52'76 51.24 -9.4778
76.12 6?.56 56.97 -6.4128
79.84 74.11 78.53 -4.4676
111*54 87.72 90.04 -2.3167
633.24 105.22 154912 i.1023
64.94 122.00 118.53 1.4970
A6.63 139964 133.93 5.7098
ft6*31 185,54 152.75 22.7892
90.00 1910.2 1117,93 22.9936
91.69 162.75 151.62 21.1261

-93.37 125,49 1W7.8 -7.3257
95.0S 110.0? 115.34. -5.3178
'4606 104,105 137.95 -7.6026
98:46 102:65 138:38 -5.7271

101.88 105,16- 110945 -1.27A8
103.6' 102.29 139.72 -7.4336
105.33 106.16 112.52 -6.3390
10f79.1)0 10.02o 113.45 -7.4279
10se&8- 107.23 115303 -8.0676
110.67 111971 119.tiS -7.3522
112o4% 116.9p 12'.o24 -6.3538
114.3? 1140"3 123.77 -4.95A3
116.115 122917 129110 -7.0113
118.07. 121.34 130.67 -9.3238
120.00 127.21 1D5.78 -4.5717
121.97 126016 1163.3 -17.2054
123.97 137,40 149.45 -17.0510

C125.03 158.7)9 159.90 -10.9304
176.14 2210~4 215.68 7,4596
130.37 2850'5 281.o65 23.4058R
132.57 3254M5 2)2,99 32.0615
134.901 347475 358.83 36.9136
137,31 290.85 279,15 11.6pb5
1399" 307:12 294.14 17.9811

145.44 305.14 2RA911 17.2?96
14865A 304,41 298.43 1 f.4 DOI
1,31.9i 301.47 247.17 14.2968
135575 106,99 259o43 17.5605
180.25 293.68 276.67 16.99,15
16.6.07 221.08 223.15 -h.8633
10.0,0 172.11 07021 -25.0979

ASS. C3RECT!ON a 9.21E 00 nfl.. K

TABLE VI-18. APCOH-1 OUTPUT VI-26



RU4N NO. 17 ý1o/7/6q A POLAR. 16'5 GHZ SEA 4ýTEk

ITERATIOJN NUMBER 0

ZENIT 4 A'NGLE BRIGHTTJESS APPArE4T CRRvCTTj,4
CUEG) TEMP. (DEG K) TE4P. (DEG K) TE4P. (PEG Ki

0.01 R,4 13.84 -q.298
13.91 16.16 !8.51 -7.4167
19.71 17,78 20.59 -P.8170
24.25 19,70 Z2,16 .g.5G

28.07 20.4o ?3.5) .1.0414
31.47 20.66 2(,24 .3.5797
14136 Z21.63 25.42 -1.7961
17.43 22,30 26,61 .-. 1033
40,12 23,16 27,77 .ý.4312
42-67 24o26 28,9? -i.7259
45,13 247?4 29,67 -. ,4353
47o4ý 25.43 31.00 -i.56558

. 49,6R 26,93 32,54 -1.613)

S1.86, 28*68 34, R .5 .6,^
33,97 33,65 36,23 -5.5503

C 56.03 33,17 38,48 .6,8125
58.03 35,8 40,65 -.5.834
60.00 37,58 42.93 -5.2531
61.93 41,08 45,2 -S.1979
63.8 42,68 47.72 .5.0362
65.61 431,15 49.08 .&.0177

67.52 46,15 51.9s .5.7993
69.33 49a,7a 55.2? •5.6055
71.12 51,54 58.85 -5.3265
72.9) 5 q13 52.87 .4.7451
74,6! 61.S8 57.24 -3.5529
76.3q 57,15 56.06 .8.2139

o6 ,81 7i. 73.13 .6.2014
79.84 77,67 R2,05 4.3773

93,34 93 12,7? -. ,4020
83.24 107,88 156.55 1.3317
84.94 123,73 119,74 A.4834
F6.63 13Rs2 133.52 .5.401?
58,31 17P,41 158.45 14.9615
9o.ni lal-qo 1S2.85 23.0395

91.01' 543 l;7o 14 1R.-2935
o03,37 123.,3 126.77 -7.9424

95.05 110.41 116,03 -5.6251
96.7' !02191 113.14 -7.6287
9 98.45 ,OR,16 112.69 -i.5217

110.1 • 07v10 1i2,51 5.4895
101.8A•0 4913 113.6R -5.6864
0' 103,61 1095,3 115.24 -5.112
105,35 107I,2 115.23 -7.4124
107,11 111,51 118.34 -6.7259

C 3. 115.6ý 15591a.75 .6.1925

110.67 118.28 124,45 -s.3592

112."8 12103 127.41 -.6.1951L14,32 122,10 1?9.73 -7.5051

216.9 12,109 134.7• -6.3054
C18.07 129,1 137.41 -7.5003
120.01 134,51 141,73 -7.2203
121.97 134,94 144,3S -9.4200
123.97 13 ?.2 4 M1~42 ;I ,1S45
126.03 146,09 bl.65 ;1S.5584
178.14 205,68 2V4.93 i.6936
130.32 27M,.-- 256.39 zi.9076
132.57 323,75 271.55 32.1752
134.93 349,74 339.65 4n.0882
137,31 289,.1 277,65 13.5151

O 139.q 301.23 253.52 17.67'1
142.57 306,•2 287.63 I1.9955
165.4 304,M7 297.4Z 1&.6510
148,53 303ep8 2R7.91 15.9690C%
151,93 301,103 287,14 1.95i8
155.75 307871 210.25 17.4573

S 160.25 295,73 278.7; 16.9351
166.07 229.98 233,73 -1,7579
180,03 i68,60 176,41 ;27.8072

A&$. CoRIE-I7jO'4 6.74E 30 nFtT, K

TABLII] Vi-1 9. AP"CORI1 OUTPUT NI- 27



T o UB NO, 18 08/07/6q V POLAR. 16w • " '
I' •TER ATI ON NU'VB E• R

SZENITH ANGLE IRIGHTiESS APPA0(Ef N rRCT104F (DEG) TEMP. (DEG K) TFMP. (DEG K TEMP. (UEG i)

00.00 P,97 11.86 -. bH64
13.93 497D 12. 13 -1.4359
19.75 9,R5 13.35 -1.5D28
24.25 11.n3 14'74 -3.7164
28,07 12,11 16.23 -4.12n3
31.47 14,.8 18.34 -4.051A
34.56 I,35 19.85 -4.4949
37.43 15.41 ?1.31 -4.9065
0.12 17,.9 22.75 -5.4601
42,67 Im1,1 24.17 -6.1631
45 10 18.09 25.31 -7.2174
47,41 IA,70 26o75 -S.0617

-49.68 19,43 ?8.32 -A3.8955
51.fls 20.31 29.95 -9.6505
53,07 21,40 31.69 -11,2879

f- 56.03 22.19 33.28 -11.0990
58.03 23o;8 35.25 -11.6563
60,00 25.10 37.35 -12.2576
61.93 25.q3 39.61 -12.7761
63.62 29k, 41.9? -"II.II :
65.6A 29.17 43.52 -14.3529

, 67.52 31,05 46.43 -14.5461
69.33 34.ol 49,65 -14.7473
71.12 30.42 53,29 -14.8647
72,9. 42o11 57.24 -14.7762
74,65 47.34 51.63 -14.2975
76.39 45.46 52.81 -17.3533
78012 57.48 59.05 -16.5786
79.A4 61,70 76,55 -15.86436
A1.54 7,.70 q5.25 -14.5623
S3,4 70,00 59945 -19.2551
A4.94 90.59 1i6.04 -15.449A
86.63 119.57 129.59 -10.0177
58.31 183,71 172.18 11.5304
90.00 215.00 197.50 17.7017
91.69 24.1,0 217.47 27.6346
93.37 255.16 230.83 24.35R3
95,06 267.54 241.45 26.3929
96,76 274.54 248.08 26.4671
78s46 272,.0 2'8,74 23.3548
10.1 271.09 249.43 21.95R3
I101.8 257p33 247.98 19.3476
103.61 260.47 247,41 •R.2548
105.35 267,O1 245 ,83 17.062?
107.I• 251,49 240.45 13.0405o 108.84 246%'6 235.90 10.1588
110.67 241.61 232.89 - .9.7719
112.4A 234,55 Z?8. 58 5.9751
114.32 227.q3 2V4.51 3.2861
116.11 224.47 222.35 2.1150
118.07 211,72 270.51 1.2133
120.00 211.34 214.63 -3.4911
121.97 2D0 59 213.37 -4.7799
123, T 20 1 )? 211.55 -7.5776
126.03 20f. 7 211,34 -ln.bT4
128,14 205,S5 21P.33 -17.6P63
130.3? 255,B8 251,21 5.0715

S132.57 28A,13 275.21 11.6427
134.9' 31)0,9 290.83 19.4512
137.3 7291061 2r.3.0 7.6102O 139.0o 107,v3 210.97 1i.5513
142.57 3Y0.11 276,85 11.069
145.44 lin,0 298.42 12.0794
148.53 311.00 299.71 17.0898
151.93 309,96 2)8.82 11.1436
155.75 306.40 295.94 10.6615

S160,25 29571 20q6,33 A.8797
166.07 2611,12 250.25 -n.Z589
180PO 182,50 215,23 -32.7277

ASS# CORRECTI10 * 1.18E 01 nFC, K

TABLE \1-20. APCOII4 OUTi 'PT VI-2,



S{

RUN NO, 19 08/07/69 V" POLAR. 16:5 GkZ SEA OATE•A

I TERATION WNJLBER

f ZENITH ANGLE BRIG4T',ESS APPAREIT CORRECTIO1(DEG) TEMP, (DEG K) TEMP. (DEG K) TEMP. (DEG K)'

O ~0.01) 102 11,7s 3fl513.91 9,03 12.85 -7.9169
19,75 10iM1 13,95 -3.1445
S 24.?S 1•63 15.07 -3.4375
78.07 12,45 1ts29 -1.7501
53.97 211,5 16,61 -4.7626S34o5b 12 ,AO 1769D -S.5989
37.43 l•,no 29932 -5,5?77

40.10 14,50 20,85 -6.7532
42.67 15,73 22.47 -6.74'R
46.1n 1604 24.27 -7.43274 7 ,4 3 17 ,h i 2 6 m0 3 -8 .2 2 17
65.49,6a 2,5 27s83 -. 397485108t. 19s97 29,65 -9.6851

5367. 321,0, 36.51 -1M.27193

11 6.O• 21,ri6 33,04 -11.1777
S9,O31 23o,69 ;500? -11.69A560.000 215, n2 17.24 IP .2 1 A 6

S7.61,93 21.47 9,1 -12.7490!63,02 29,n4 42.07 -13,0458
6 5.68 24.4 43s6) -14.3512S67.52 3?t10 46,57 -14.4935

71,12 39,12 53,82 -14.5941

74.65 48,61 S2,61 -14.0i7276.39 47,58 54,33 -16.7516
?7.12 54.06 7D,81 -15.936079.84 53,12 78,47 -15.1495
81054 ?3,52 97o34 -13.8185
A3.24 73,.9 91,69 -18.404284.94 93.75 108,31 -14.5605
o6.63 122.7v 131.81 -9.1111
88.31r 185,94 174,33 12.5013
90.00 218,0 197398 18.6156
91.69 ?42,37 218,93 2.4399
93.37 25!,48 231.61 24.8895
95.06 268,13 241,64 26.4966
96.76 274,40 247.62 26.7860. 98o46 269,19 246,67 2?.5187

110.!S 269.79 247.69 2i.5973
101.80q 26Pt41 247.72 2n.6912103.61 261.01 244,07 17.1168
135.31 256.,5 241.53 15.3?27
107.1r 251,71 238,42 13.2A99
108.88 245,40 234,55 10,8523
110.67 239,45 230,26 $.1834
112.4A 232,65 276.54 6.0679o114.32 227o52 2'3.25 4.2601116.10 221,74 219',87 1.3710118,07 214ý74 215.41- .1 8
120001 214.12 215,23 -i.1069
121.97 ?n0!3 212o42 1.8902
1.3,97 201,r3 219.31 -7,4729
126.03 19p,!0 218.84 -10.7329
178.14 20 .?0 216,4S -11.26-
110.32 2 41 9 6 245,.61 4.05112.57 27•.10 257.42 11.6758
134.91 294,8 2q2,11 16.9759
117,31 286,15 27n.03 A.11930) 139.84 ?97 76 795.7? 11 .5373142.57 304,14 2)1.11 11.0367
145,44 301,56 290,72 I1.8363

c 148,13 307,.8 2!,.51 ln. 764151.93 30t,54 290,81 9.7323155,75 301,72 290.39 1n.83D2
160.25 791.33 241.85 9,4 71166.07 256,55 2s5.77 0.7847
1O.0 170, 5 2V64CS -35.2306

ABS. CORRECTION * 1.16E 01 DEC. K

'TAB LE VI-21. A-wC(iml oT1''FuT' VI-29



(7 UM Noe 20 06/n7/69 .4 POLAR5. 16. 5 0hZ f, &VIER

ITIFRAT IO tL4 "6ER K

ZENITH ANGLE 6RtG•iT4FS$ APPARF.4T CORRFC"TOM
(DEG) TMP., (DEG K) TE4P. (DEG K) TEmP. (DEG K)

0 O0,) 9,34;l i.65 -ý.3070

024,25 10#17 13,66 03.4925
28I07 11,20 14.95 -;.7497
11.47 11.0% 16,69 167
4-0 38.! 1401. 18.0p ' .03A 1

17k 15.05 19,3? .4.3454
40612 16 8 0.73 .4.6460

0 42.67 17,16 22.07 -.ý9071
45,10 17,29 22,88 .'5.5951
47043 18965 24,35 -5,7030

O49.65 20.0D 26.04 v. !732O
51.86 22,09 27,91 -5.7128
53,97 2k,29 29.96 -5.6177
36.0'1 27,22 12*53 45.3116

50329,5D 34,8n 536
60.00 31,3 37,12 -5.2887

0 61.93 34s26 39,49 -5.22n7
63.8 71'92 41,88 -i.9633
65,69 35, '7 42,34 -6.6708
6752 3a98 45, -6.3316
69.31 42,1l 48.l6 -6,045n
71.12 4T,29 52.97 q.,6770
72.09r; 5 , 5,ý 57,61 "5.0750
74,65 58.72 62.7; W4.0728

763ý59.10 6r 5.3? .-61417
78.12 60, o 72,61 *-.5329
79.84 -8 ,ý 81,22 .i.9434
81954 89,-)5 91.14 -i.1902
83,24 104950 132,98 1.5292
84,94 11,l.7 114.9 3.3766
86.63 132.49 't7147 5,0211
98631 169.42 150.74 10.681?
90.00 171*30 154,66 18.6437
91.69 166.00 14% 09 16,9184
93,37 116,"59 120.04 3 -3.4855
95,06 104t17 110,15 -5t9839
96,76 97,40 131.l;. 16.-,766o 8,46 104,41 139,73 -u.-179

100.16 104,73 139.62 . -4. 2 ,S
101.88 107,49 i11,7R -. . Z '76i n',61 1010DO 111.67 -S.07'.4
105,35 105 ,S3 112,5.) -ft.8656 l•

o107.10 10t,2 115v62 .S5S108.88 1I1,36 119,45 -5.5871 •

110,6? 11727a 122.93 -5.1772
112s44 I1n. 7 14.55 -N.2726

- 114.37 117,74 1Z6,47 -7.2260
116.01 12,4.5 130.00 -7.1467
118,07 1.7,40 134.25 -S.8638

O 120.00 131,40 !37,91 .7.53A7
121. 11; 13?230 141.6D 9.211
1'3a?7 137, 4 148,42 .11.3741
12'sool 153 *46 154,55 .12,0972
128.14 212,10 217.70 5.0982
1)0.32 276,78 254*35 27.421.!
132.57 317,70 2R6.12 31,4802
114.91 341.81 32,2.9 3P.5179
137,33 283.45 272,31 1.1360
139B89 21.4,050 2T77.02 17.4710
142s57 298,50 260,03 IR,49.4
145,44 294,07 278.41 15.6609

O 148,33 292,A7 278,O4 14.8273
191.91 289,46 276,75 6.,7945
155475 294,47 280.07 1%,3968

, 160,25 285.00 259,13 15,8791
166.07 221•.4 225.81 -4.3273
180.00 16i.77 191.25 A, 4806

AMS. CORRECTI1N 8 S.47E 00 r. K

'TAMATI Vi-22. Al CQIIIt()IV'I'I'1' VI- 8O



Rul; "U. 2t /,F/tl- v POLAR. 16'5 0'-4? S E .'ATE'

ITERATIL)9 NUNBE!R

ZENITH4 Aý4ai. 3A1wT,4ESS APPAPENY C~rT3
IDDo) TiMPM ('EG K) TE4P. '(jG K) TEIp. (-F5 K)

OC0fl l1.53 14.3l 13pl13,93 11,8 1J4.61 -1.330D
19,75 Vr,4 '5.3) -1.4041

280.07 14,se 10.61 ..4.0St•
31.47 16•,02 37.1 q:

()34.5h 17,90 -zzl 4.3316

23o6731 26,V -6,75"456.15 1,85 27,05 -7.2104
47.43 21.15 ?.,,4 -94, 424

4 29e• 21451 ?9198 -1-,L461
71.65 21,94 13.32 -I4.5658

t3,97 Z3.6"9 43.25 1629
5501 24.24 1375,0415,9
30.0172,,7 37,05 -12.0100
09.00 27.,6 39021

69.18 79.58

63.82 312., 13,1.5 •85

6506• 310R5 315 13.17367.5? 34*55 46 ,45' -13. 908
A90,3 37,18 51.67 ,14.0852Y1l 6 41103 55.2? .14.1931
72.91) 45.01 59,11 14.0992
74.65 249.75 3.32. -1,.5672
76.39 46.49 S3,46 -17.19, 3

53,65 S9.94 016,.2941
642.10 776.57 -0.4695

51.54 72.45 63,55
043.24 7321, ?1.61 9iR.1078

4 994 9423 00 138.25 -14.2503
6.673 122.65 131.53 -4.8553

~ 8.73173.3? 12.4147
91.o. 216.12 122.75 1A.367491.69 239.59 216.6o 22.9900
93,37 252091 228.58 24-3249

.61o7 2. ?, 63 25,4.7396.75 266,06 242.43 25.6537
08.46 258.31 218,76 19.54a2

1110.16 2 5, 0,51 239.65 18.

1 1. 9 8 •2 5 . * 2 4 0. 8 5 2 ,19 .0 8 8 510,.61 252.06 236.87 15.2122
105o7 024606- 233.62 17,7474
107.01 241478 230,93 10.8438
108.87 23,.16 28.76 99.392b
110.67 234c46 226,44 -o013

11ml227,I7 222,33 5.0,53o114.3? ?22 6.91 219.63 3,3173
1:5l1n 21995". i17.53 7.0412

1166,07 2129?• 213937 -.95113

121097 201.49 238.73 -6.6137

12BI,9, 706 1-2 . A2CO | OUT .U026-3

126,03 207.54 oe15 o8 7 -A.3321126.14 223,79 229.42 -5.634 8* 130.32 2 71.6 F6 251.27 10.594913.1057 30?,77 283,78 18.4871
1 1 i32n.88 2)6.88 2107026

117.31 ?7.n7, 2113.7m 9.0905() 119,89 '01.5l6 2R8,97 12.5B95142,57 305.42 - 2!)2*19 13.2342100.44 3070n4 273,42 11.6239
0 14t.53 30OQ3~ 2)1625 469111093 296,14 285,05 i1,0780155s75 272.18 2S9*.1) I.729

01660?2 251.fl6 253.39 -0.3313
186.07 219.68 229o74 -9.8538100)185.06 2)7,53 .24.4670

ASS, CORRECTION 1.11E 01 DEC, K -

TABLE V1-23. A]PCOIN OUTPUT VI-31



RU"4 4j. :2 00/t'3I09 41 POLAR. 16.5 GO4t SE&. 3-AIC

r. ~ITERATION Di'E
ZENITH AT'LE PRGH4rT)ESS APPARE47T CRFCTj)4

(DEG) TFMP, 'DEG K) TE9P. (DEG K) TEMP. ; DFa K)

4-Oon-1 118.31 15.35 .07
j6lo i,28 18.155 f?2

O 4.2Se18,72 21.16 -7.913O
28.07 14,15 22o14
31A47, 1 911)4 Z26O'5 .4.cns1
14,56 in,'i9 23.09 .440~64
37,41) 19,72 24.2f, vv.5242

S40.17 l06 25,41) -4,850
42,67 21c-b 26,82 -5,1608
4ý,1l 2., 8O .5.5732
47.1. 23075 •29,9' 01,6870
S4968 25.48 31.,I
51.84 27, 9 2,9 -.
13.97 29,263.9 167
1 ;)A 31.02 16.94 -*.6181
580• 3 31.46 39.07 .S,6119
60.0 35,7e)9 41.31 .5,6189
61.93,4 3 7 43,65 .-•"s 776

63,8746 sC R 5.3608
65006 4n , 01 46485 m5.6550
67o52 43.16 49.99 -6.5372

47,24 53.59 -6.2553
71.12 51,75 57o63 -.,8833

* 7290, 57.•16 62.2 -5,2391
74,65 61,38 57 ,45 .4.0838
76 a 311 61,69 68,83 -7.1412

-)78.12 71.i 76c47 s5,2806
7.482.17 85.69 .1.5201

104. 94,08 96,4 ib0997gg
803.24 112,66 110.32 - 7ý01
A4,94 27.114 172,82 Z.2934
R6163 14 1 -1 135,37 5.9350
68.31 ,7t77 157,46 -In9006
904.0 1790,3 193,60. 18,6350
91.69 171.16 15.15 vioA1.7535

0 93,37 119.,9 .2427 3 2 a718
9.906 107,05 113.95 M6,9008

902,16 1010o 7 18:92 12751
100, 1D30v9 114,24 .50,878
1 9 m 101171 125,61 0.59176

01D3.61 11161l 117,6& W6.3364
105,35 117,96 1220,D v.840C.

108.08 122,,21 127,51 -. 2955
110.6? 1206.34 25 V.9O-i.6235
112.• 4 124,(?5 13i,54 .&•58E1
114032 129,48 135.05 w5.5732

12`1 t 4 0 134.50 .9.0997
118L07 134 V-4 AiO.8 , -&,,7034

12.0 136.900 144.24 " 84
121.97 1319.94 149,63 .-9e6946
123.97 15-:1, 9 150s44 elft.2528

C' 1260014 177,1 2 153.27 -6.1724
126.1' 231.6S5 273,3S A-2707
110. 32 298q.q 255,64 21.2748

?~.5 250 69 294942 3i,2718
114.90 346609 338.77 37,5215
J37.33 M9o1 2R0.96 1ý.2482

0 WOR.6 307.93 285.04 1.7.8947
142.57 1060f4 297,62 18.4175
145.44 305,79 288,28 17.5086

0 146.5? 301,73 2R6,95 14.2780
151.93 296,07 252.92 14.0446
155ý7.5 291.76 27718!i 11.8926

C 160.25 271h,91 261.37 0~.5399
166.07 197.n6 211.65 ;14.7614
1S0,00 !86,64 232.09 ;11.4088

ADS, CflRRECTION 0 .56E 00 DEC, K

TABLE VI-24. A!PCO.fl OU TLPUT V1- :32



0 TERATIO4 4J48B.

S ZEN!Th4 A'41LE SRI C-4(-NESS V -.7cT

* - t,03 11.•9 :z.•5 -¶.57

13.93 3,l
*19,75 12a 13.21

31."4 7•.48 3JI,8 -1. .

19 f4 .= • 5,4.75,3 - .4 3

67.43 15,6 :1 37 -7

- ~ 40.6 1 ? 1

42.693,37 11.15 2,•.25 2-.17
47.,03 1z4,a %
(50.01 21.75 ,

* 61.93 21.173.; - z'
63 .82 2 %.v18 -1..7

160.1• 25s,-S0 43.771 .5 7

67.52 2,,19 '3.56 -,..> *
69,3 3 31019 ;b6,UZ *.-13 5

71.12 35. 11 4 9 , 9
1!72.90 3',s7 535.7 51.!3!
74.65 43015 -, 7r, .

P4114,3 55,A5 1:?.6t5,;

7 1•6 3 113,Q 526.12.

o 8,31 491.'1 1352.2- 1 25.0

79.08 ?23.07 .,2a1 17.4',17
91.59 2460 , 272;.I -25.il5
A3.24 25264.19 ;.51 -2 2 2

8,37 219 19 21555 ?b..1',3
93.46 227,R1 212121 21.5071

951.693 024SO 22-^.92 9,23t4

193.37 2 52 ,12 2?2372 7 1. A 74

13.01 26 21,2 3,.Z28
96,761 2641.7 234..55

9846257.1,7 2 315. 4 i.7 a

l0,I67 74110 23.1.527

110,.3 230.n 2 .5 3 2,5.41

11l6.076 2521 211.8
120.05 215509 2417.1: 167
121.97 245,78 234.35!sJI4

1!3.97 24' , 10 2312.34 53.3~1
112.41 23'.4P7 2125.9 4.92,^5
12814.3 ?23r5 2>5 ?'. 4t 1 4

220.31 251.61 252.67

1132.7 2V90. • 219 .5 I 3T 0,-94

124,97 212.351.43
123.7. 79A,.,3 212.14 1. 3 7

0130.32 75on 252.875.92

14-2.37 ?114tl3 2 ý9 16 4 1'.4977
145.4'. ?07391 217.27 11.6254

14ses 30A.172)%91 146
151.93 307.04 2.19.2342
155.05 314r4.9 3.o17.6915

C) 160.25 W 07.18 20.1 1l.52
166.07 2719F2 258.63 1.18211
150.06 1715,62 Z13.23 -37.6035

AB5, ZIRE.C!10'4 w 1.11)E Cl DEC, K

TABL I " 7-2 5. P PC ~vi0U1l PUT



RUNS NO. 24 0610V/69 4 P0LA5t. 16,9 G41 1SEA dATER

ITRAaTIat4 NUMBER o

ZENITH A'*GLE 8aX1014TESS APPAREWi c0qfcTI04
IDEG) TERP, fOEG K) TEMP. (0(6 K) TEmP. (t'EG 9)

0:00 11639 15.3v -i.0121

19.75 15.85 19.168 -3.3299
24.25 11048 20.92 -3.4310
25607 16.91 22.65 -3.6702
31.47 22.09 25.23 -301415
34.56 213.4 26.61 -1.4726
37.43 24051 26.25 -1.7431
40.12 25.516 29.61 -4.3442
42.67 26.51 30.66 -'.3561
45.1tf) 26.99 31.63 -i.6146
47.43 2Softo 33.02 ".5.0171
49.6s Z96.11 14.2s -1.1437
51.66 30.13 35.54 .5.2064
53e97 31.73 36.63 .5.1256
56.03 309R9 37.09 -661428
56.03 32.77 l6s6& w6.0922
60.00 34e97 41.03 04.0594
61.93 37.54 43.57 0440346
63.62 4nl,44 46.47 wfi.0127
65.68 45s05- 50.34 .5.3266
67.52 468117 53.79 0q.2177
69.33 52.31 57.3' w4*0316
7101P 56.26 51.02 .i.7434
72.9(1 61.76 64.65 -i.0941
74.65 66.16 s6.61 ol.&523
76.39 54.58 64.35 00.7665
76.12 64.17 71.46 -7.3122
79.64 75.65 80.911 .4.2862
61.54 69.47 !)2.67 0101956
63.2' 113.22 190999 14.2302
$4,94 12546 123.10 q,360~3
660614 142.12 135.12 7.0316

c 9031 170. 09 153.21 16.8624
90.00 172.65 155.9? 1406821
91.69 165.37 150.43 14.9490o93,37 12".61 124.20 ..3.3943
95.06 109.21 115.04 .61
96.7h 102.77 .110.39 67,6168

O96.46 109071 113v91 j'.1931
100016 105.95 114.17 -S.2?17
1M1.68 109.04 11540'a -ý9997

O103.61 111.33 117s69 .3.3596
1805.5 111.66 116.56 -60921?
160710 116.1,k 123o25 .5.1102
106.66 121.17 126.16 ai.9925
110.67 119.50 126.80 P4.9947
112.46 121.09 129.93 06.0385
114.3P 127.06 133.66 -6.5792

11.6132.21 136060 -5.6668
*0115.07 132.01 ~ 119.93 -7.9180

120.00 135.99 144033 .6.3120
*121.91 144.96 151.98 -7s0265

*123,97 14S.37 157.65 .11i.085"
C126.03 169.67 17701.% ~ -7.7672

12S614 218.75 213s93 i.64q6
130.32 275.73 255.66 20,0527

U132.57 311.25 255.03 2%e1661
13409, 1335.!2 331.41 3i.4079
127.33 291.03 250.42 MOM11O1390as 305.06 256.5? 18.4b7B
162.57 310.06 290.73 19.6309
14,9044 306.01 239945 16.5623
146.53 505.50 269.66 15.6432
191691 302.44 266.61 13.6255
1950.5 311.46 293,21 1861737
160.25 299.016 291.19 1?.7746
166.07 227.03 232:02 ;;4,98113
160.00 t61.26 191.60 630.245

*ADS, CORRECTION e #..52f-00 DEC; X

*TABLE V1-26. APCOIR4 OUTPUT Vl- 34



'0
RUN Na. 25 08/121/9 V POLAR. 16b5 G4! SEA WATE

ZENITH ANGLE 5RIGHT'JESS APPAXENT CORRECTIO1

(DEG) TEMP. (OEG K) TEAP. (DEG K) TEMP. (DEG K)

O0On 6.52 9.77 -3.2749
0 13.93 7,q7 10.98 -3.1123

19.75 9,07 12.29 -3.2254I 24.25 10.22 13.64 -3.4230
28,07 11.23 15.01 -3.7028
31,47 12.93 16.77 -3.e440
434.56 13.64 16.11 -4.2744
37.43 14.71 19.41 -4.7003
40.12 15,41 20.68 -5.2639
42.67 16.00 21.02 -5.91AS
45.10 15.19 22.48 -7.2950
47.43 15.75 23.86 -8.1035
49,6A 16.61 25.48 -8.8730
51.86 17.79 27.35 -9.5b612
53.97 19,*2 29.43 -10.2105
56.03 22.73 32.62 -9.0826
58.03 24.30 34.7R -10.4768
60.00 25.77 36.83 -11.0595
61.93 27.17 38:78 -11.6137•, 63.02 28.69 Af,.64 -11.9502

65.69 25.90 40.27 -14.3720
o 67:52 27.16 42:47 -14.612969933 30.25 45.17 -14.97C"

71,12 33.21 48.35 -15.1401
72.90 36,88 52.03 -15.1231
74.*65 41.46 56.11 -14.6496
76,39 36.64 56.71 -18.0700
78.12 45.91 63.04 -17.1277

0 79o64 54.59 70.81 -16,2162
81.54 65.21 80.00 -14.7895
63.24 69.38 96.19 -17.8047

0 84*94 86.21 132.35 -14.1530
86,63 115.24 124,36 -9.1237
86.31 171.03 161.99 9.0455o 90.00 200.56 185.77 14.7866
91.69 224.93 205.39 19.5405
93.37 243.14 220.63 22.7084o 95.06 256.92 232.16 24.7608
96.76 265.39 239.75 25.6399
96.46 261.97 240.25 21,7135

100.16 265,68 243.43 21.6522S101.88 268.36 246.11 22.2564
103.61 262.81 243,41 19.2076
.1n.35 252.76 239.06 14.7002
107,10 249.84 236..02 13.8221
108.88 243,SJ Z32.14 11.4887

C 110,67 233,11 225.95 7.1467
112,48 227.74 2#.58 5.16:7
114.32 227.52 221.94 5.5749

S116.18 217.52 .216.41 * 1.4139
116,07 212.73 213.16 -0.4467 .
120,00 205,0s 239.01 -3.9278

C) 121.97 203.83 238.51 -4.6724 * '
123.97 197.36 235.92 -9.5567
126.03 194.95 236.78 -11.8290
125.1' 210.62 219.51 -8.8967

-..... •30.32 254.80 249.05 9.7529
132,57 284.14 270.95 13.1918

'- 134.9D 303.48 285,24 18.2423
137.33 286.47 278.83 7.6758o139.88 297.39 236,27 11.1203
142,57 304.36 291.83 12.5284
145e44 302.99 292.35 10.64"1
148.53 304.98 294.20 10.7778

0 151.93 305.07 295.05 10.0219
155.75 309.19 297.24 11.9541
160,25 302.64 291.55 11.0945

0 166,07 275.39 270.29 5.0995
180.00 186.73 219.60 -32o9531

ASS. CORRECTION a 1,15f 01 DEG. K

TAPILF" \r-27. APCO114 OUTPUT VI- 35
C)



ZU? N3. 2i 06/17/69 V -POL&A. 16'5 CGMZ SEA oAE

ITERATIo.ý4U;mBER 0

ZENITH ANGLE fCt4HT'4ESS APPARE4T C8q8ECTI10
(DEG) TEMP. (DEC K) TEMP. (DEG K) TEMP. (DEG K)

0.0t 6.70 10.0 -3.36281).93 70.2 10.58 -3.5591
19.71 8.72 12.)) -3.6104
24 .25 10.10 13.91 -3.bD5328.07 11.27 15.55 -4.281231.47 14.79 18.45 -3.674334.5S 15.76 19.97 -4.2123

o7.43 16.06 21.32 -4.66Z4

40.12 17.26 22.34 -5.2800
42,67 17,.s 23.67 -5.989545.10 16.00 23.77 -7.695547.43 16.3' 24.95 -8.5749
49,69 17,04 26.46 -9.4161
51.06 18610 25.24 -10.1429
53.97 19.52 30027 -10.771456,03 22.50 33.23 -10.7015

0 58103 24.26 35051 -11.2449
60.00 26.06 37.84 -11.7766
61.91 27.93 40.19 -12.2572r63.? 3.0*2 42,47 -12.5470
65.6F 29.31 43.52 -14.213167,,2 31.9i 46.2V -14.3476
69.31 34.,8 49.48 -14.5972
71.12 3A.34 53.00 -14.7218
72.90 42.40 57.03 -14.625674,65 47.28 61.38 -14.1042
76.39 44.84 62.26 -17.4244
75.12 5z.11 66.66 -16.54e679.84 60.69 76.41 -15.7209
81,54 71.15 55.48 -14.333808324 71.95 90.45 -18.508104,94 92.69 137.29 -14.599986.63 121.74 130.87 -9.129488.31 185.40 173.34 12.437290.00 216.57 190.1. i I8.4911
91,60 240.58 217.38 21.203493.37 253.36 229.24 24.142095.06 264.59 230.95 25.6321
96.76 270.50 244.79 25.8180
98.46 266.19 244.25 21.9394100.16 265.77 245.02 20.7573

- 101.88 263.61 244.45 19.1525103.61 259.72 242.63 17.1255105-.35 253.28 239.15 14.1214
107.10 250.26 237.28 12.9777

t 100.68 244,74 233.99 10.7491
110.67 236.96 229.46 7.5013112.48 233.17 227.31 6.5584
11407 227.68 223.64 4.0373
116.18 222.33 220.40 1.9335118,07 217.22 217.3; -0.1734120.00 212.41 214.78 -2.1655
121.97 205.03 211.02 -5.9859

121.97 205.24 211.78 -6.5368
126401 197.30 239.?7 -12.6670
128,14 220.45 226.51 -6.0640

S•--130032 259.90 253-43 6.4756S!•132,37 286.-se 273.55 13.1323
- 134.9n 304.41 286,74 17.6730

137.3 289038 31.20 0,IN34
139.08 299.08 188.06 11.3196142;S7 305.62 293.05 . 12.5536
145.44 305,06 293.85 11.2112"
148.53 306.06 294.95 . 11.1.163.S151,93 304.56 294.45 10,1159155.75 304.90 293.91 10.9884
160,25 295.02 285,44 9.5764.

1 0 166.07 262.28 250,14 2.1426
160.00 167.19 203,39 -3801984

ABS. COARECTION * 1,16r 61 DEG. K

* ~TABLE VI-29. APCOII4 OUTPUTVI3



~-' ~ 290fhi~ 6 ~-4 P)L AM 165R" SEA 04TER

ITERATIO14 NUaF• 0

ZENITH ANGLE ARIG"T'IESS APPARE4T CO'ECTIo.
(OEG) TEMP. (nEG K) TEMP. (DEG K) TEMP. ("FG K)
0.0 f 6 .95 12 ,1 08 -1 .1123

13,91 1'424 16 7S -7.5232
F- 19.71 15.95 18.A1 -2.AS79

24.21 17.47 20.45 -2.9757
28.07 10.17 71.89 -3,0144o 11.47 19,01 22.61 -3.6060
4,562Vo.l", ?3.93 -3.7496

37.43 21.28 ?5627 -1.9907o 40.17 22,38 26,61 -4,246042.67 23•.0 28.02 -4.5174
45,10 24,A3 79,31 -4.7617

( 47.41 25,93 10,82 -4.8906
49.6R 27,32 32.29 -4.9708
51.a8 28'O0 13,80 -4.9997

S 53097 3"919 35033 -4.94W)56.01 31,49 16,25 -5.5622
58.03 32.56 33.07 -5.5128C. 60.00 34,62 40,13 -5.5070
61.93 34914 42.42 -5.4799
63.8? 39*55 44,92 -5.3700
65.64 41.17 47.02 -5.•46367o52 44o45 50.08 -5.6314
6Q,33 40*12 53.51 -5.3922o 71.12 52,72 57,29 -5.064272.90 :$.)1 51.41 -4.4960
7496t t?,40 55,87 -3.4624

0, 76.39 59*142 56.22 -6.•06178.12 67,71 72.84 -5.1296
79'84 7".11 40.92 -3.6053C 81.54 08,45 l0,43 -1.9850
83.24 104.71 132.95 107513
84.94 117,21 113.$1 3.39s6: 1o 1 6.61 129.26 124.50 4.75258,.31 15be,4 142.05 14.3914
90.00 1590.'2 145.42 14.3042o 91.69 154.41 141.51 12.902993.37 116,91 119,72 -2.7405"9q0os 10714 112.40 -4.7764

O 96876 102o49 106.77 -6.294198.46 100.21 111.81 -1.5972
100,16 107,P6 112.3. -4o4464
0 101,0 108,19 113,39 -4.9947
103,61 l1n,23 115,28 -5.0424105,35 111498 117*29 -5.3034

n 1n7,1' 114,40 119,81 -5.4139108,88 117.95 123400 -5.1486
110.67 121.47 176,34 -4.7693o 112.04 123,n0 12R.43 -5.4376
114.3Z 125,76 111.07 -5.3138
116.18 124."3 131052 -7.4929o 116007 125.98 134,25 -4.2737120.00 134,75 140.64 -6.3932
121,97 136.50 144.44 -7.9411

0 123,97 140,t3 :50,07 -10:0366126,01 149053 1%1097 -12.4421
128.14 194914 1'P,38 -0.8460

0 130,37 ?6R*I,0 248o14 2004653
132.57 313,71 242,0b 30o0446
134.9M 339053 330.87 38.6610S137,33 2$A,22 270,19 10.0346

139,8 293.20 276,17 17.0313, • 142o57 294#72 280,32 18,4065

145.44 295.35 279,64 15.7084
146.53 295,3 2R0.23 15,0940
151,93 293,04 279063 ISIZ069

C 155.75 300.38 253.58 16.7989160.25 290,11 273.64 16,3757
166,07 230.34 232,67 -2.3380

C 180.00 171.53 197,19 -25,6571

Ci AS$, CORRECTION a 7,9nE 00 OEG. K

STABLE VI-31. APCOT4 OUTPUT VI-39

(7



AU4 NO. 3D 08112/6) POLAR. 16.5 G'IZ SEA 4ATER

ITERATIO .NUIBEK o

ZENITH AtLE BR1GkT•JESS APPAqEFT CORRECTIDO
(DEG) TEMP. (3EG K) TEMP. IDEG K) TEMP. (OEG K)

6.65 10.93 -4.Z4
13.93 13.149 .13.51) -3.1127
19.75 11.80 15.11 -3.317f
24.25 13.f)4 16.58 -3.5430

0 28.07 14.12 17.91 -3.850631.47 14.55 19.03 -4.4672
34,56 14.36 20.42 -4.061237.43 16.56 21.83 -9.2724

40*, 17.48 23.29 -5.7945S42667 I.!24.75 -6.4360
450 104.39 2 5 .9: -7.5017
47*43 19.20 27.53 -8.2975
49.64 2.20 29.25 -9.0605
51.35 21.43 31.17 -9.7461
53.97 22.91 33.23 -10.3154
56.03 24.72 35.48 -10.7518
58.03 26.53 17.75 -11.2311
60.0) 21.42 40.14 -11.7203
61.93 30.46 42.61 -12.1519
63.82 3?.77 45.18 -12.4077
65.6ý 32.06 46.65 -13.7841

.67.32 35.76 49.67 -13.9112
69.33 39.16 53.11 -14.0425
71.12 42.'e 56.03 -414.0684
72.90 47.22 '11.L4 -13.9168
74.61 52.21 .55.72 -13.5073
76.39 53.71 5's.74 -15.0297
78.12 60.20 74.71 -- -14.5105
79.84 67.14 51.53 -13.9898
81.54 74.18 59.21) -13.n129
83v24 73.53 91.84 -18.3083
S4.9 4. 91.58 .135.73 -15.0479
86.64 115q.I 128.32 -10.1590
88.31 116,07 157.10- 8.9676
90.00 206.57 1)1.57 15.0051
91.69 232.20 212.07 20.1752
93.37 254.57 229.54 25.0263
95.06 268.24 241.15 27.0680
46.76 275.42 247.82 27.6010
98.46 260.45 246.47 22.9817"- 100.16 269.26 246.65 21.6110

l01.A• 264.68 245.11 19.5691
103.61 255.58 24n.63 15.3793
105.35 25.5; 240.41 13.1945
107.'10 252.42 238.55 13.8612
108.53 246.49 234.97 11.5162

S110,07 238.71 230.15 8.5492112046 231.70 225.45 5.7431
114.37 224.33 221.35 3.1686- 116.15 221.70 219.jS 2.3449
118007 214.74 215.38 -0.6360
120,00 210.4 . 212.95 -2.5033
121.97 206.26 211.02 -4.7670
123.97 206.03 211.53 -3.4983
126.03 191.9l 239.55 -10.6553
128.14 209.83 219..3 -9.2743
130.32 251.26 246.53 4.7451
132.57 27S:74 256.9" 11.7519•-134.90 297.11 250.59 16.3199
137.33 283.39 "275.83 7.5557
139.88 291,78 283.00 10.7803
142.57 303.31 298.19 12.1244
143.44. 299.43 288.78 10.6464
148.53 300.50 289.87 1fi.6265
151.93 299.09 .299.36 9.7266
155?.5 295.36 298.25 10.116T
160.25 289.14 280.41 8.7266
166,07 260.98 S8.23 2.7516
160.00 172.12 207.23 -35.1141

ADS. CORRECTION - 1.13E Ol DEG, K

TABLE VI-32. APCOI14 OUTPUT VI- 40



RUN 40. 31 08/13/69 4 POLAR. 1615 G4Z SIA 4ATE4

ITERATIO4 4UmoEr 0

ZENITH ANGLE 6aIGHT4ESS iPPARE4T CORRCTIC.
(DEG) TEMP, (nEG K) Emp, (OrG i ) if I...

0.00 10.'1 0 13.32 -2.7186
13.93 9.67 13.27 -3.5977
19.75 10049 14.42 -3.7294
24*25 11,83 15,77 -3.9416
28007 1104* 170Z5 -4.2105

" 31047 15*,Z 19018 -4.1637
34056 1602Z 20.73 -4.5140
37.43 17.44 22.28 -4.8443

C 40.12 10667 23033 -5.1616
42o67 19090 25038 -5.3989
45010 20,24 26,35 -6.1126

C 4743 21087 28.0! -6.1870
49.6A 21.42 30.03 -6.1767
510.6 26.05 42.17 -6.1193
53,97 24:50 34.54 -6.0412S 56003 320n2 37055 -1.5303
58003 34,A8 40.15 -5.4762

O 60.00 37039 42.79 -5.3994
61,91 40.20 45.46 -5.2589
63c62 43:25 41:17 -4091916h 5 ,6 " 4 2 016 4 3 ,8 2 -A .6 5 3 1
67052 45.48 52.11 -6.2244
69*31 50,14 '6.00 -908571

- 71.1? , 55067 60,47 -5.4000
7Z.90 61,90 655.1 -4.6060
74,6q 67.03 71.10 -1.1684
76.39 640q0 71,66 -7.1614
78612 75.42 40,22 -4.8053
79,64 84007 90.73 -2.6591o *1,54 102,73 153,16 -0.4359
. 3 , 2 4 127,72 121.21 6.5065o4,94 142057 113.95 A.6204

0• P6063 %,03 144.87 10.1545
98031 177.25 159.44 17.7749
90.00 17R,79 161.36 17o4284

0 1*.69 1710.9 155.91 15.6329
93*37 132,44 132065 -0.2083
95,Of 120.77 123.52 -2.7469

C 46.76 113.03 117.89 -4.8624
98.46 11.050 119,07 -205709

100016 112o28 .116:96 -4.6770• 101,811 111067 117,000 -3.3256•

103*61 113.15 118.55 -1.1942
105035 1144q4 121.04 -4.5023

117*1,0 122.41 -4.9147
10008. 117.31 123.20 -5.88aq
110.67 117,q8 124.40 -6.8197

0 112.4R 121.04 127091 -5.9A71
114,32 125.20 111.00 -,4470q
116.1* 126947 143.46 -6.7950
118607 132.15 138003 -5.6793120.00 133104 140,19 -7.0143
121.97 132942 142.22 -9.3992

0 123,97 139,12 149034 -10.2246
126903 150.99 152083 -11.8373
178.14 209.11 233.00 661109S 1'00.2 ;169117 243053 25.7449

L .- 132.57 ........ 257.94 243.533 14.4086--...... .
134090 249.04 243,53 6.3121o 117631 294.76 271.41 23.3431
139,.8 296029 276036 19.9317
142.57 291,47 279.40 19.4660
145,44 293026 277.15 16.1135
146.51 2910.7 276.65 19,2249
151.93 288.43 275038 11.0494S19537, 295.49 278679 16.7067
16002! 284082 2580.3 16*2983
166.0T 222,22 226.73 -405090
130s0: 152.42 20.94 -1805155

M. AS, CORRECTION a 7.96! 00 0EC. K

C,
TABIE V%-33. A13CO114 OUTPUT M-41



AUN NU, 32 0611T/69 V PUL(.,. 16.5 G-41 SEA tATfQ
ItrrATI(,' 04UIJBER 0

ZENITH A*4GLE 4RIG4TOIESS APPARE'JT lk[*l,
(OEG) TEMP. (DEG K) TE11P, 0EG K) TE-P. (lEG K)

0.01 11.68 !4.71 40913.93 13.66 16.84 -3.1046
19,75 14.73 16.22 -1.491714.25 15.67 19,49 -1.814628.07 if4620.73 -4.0320~1047 14.58 20.33 -5.719?

At3 15.A1 21.75 S9637.41 17.n9 M345 -6.3599
40.17. 16.48 ?5.35 -b. 865542o6? 19.18 Z704? -7.5355

* 45. 10 22.11 30.00 -7.89t%4* 47.43 23.70 12.28 -4.573749.*6&6 2%.1,% 34.52 -9.1690
11.h2N. 97 36.75 -9. 7A55* 53.97 20.70 18.9ft -10.2764

56.00 29.A9 40.811 -11-119758.00 31.'9 43.15 -11 .550A
60006 33.116 45.61 -12.0461
61091 35.72 48.19 -12.4680
63.4A 30ý 50.87 -17.664065.68 17.98 32.21 -14.226467.52 41.02 155.4b -14.241b
69,33 44,14 59.21 -14.2703
71.12 49.25 ý.3.45 -14.1992
72o9t) 54.28 SL8.15 -13.8714
74.65 6.873.31 -13.0241
76.39 57.37 74.21 -16.8405
78.1? 6'-.43 41.85 -15.4259
79.84 77.10 ?1.15 -14.0495
p1*54 69.08 -132.07 -12.0863
R3#24 9A.06 110.73 -11.7699
A4494 119.03 1768,50 -9.4605A6.61 141 ,78 1%1.73 -1.9525
018.31 2O046. 1;1.95 16.5279
90.00 7ýho42 214.51 21.9109
91.69 256.56 230.78 2S.779593*37 26192Z 237.43 23.7906
95.0, 7. 61932 244.64 24.6735
96.76 273*1%2 249.03 24.5955
96.46 260.58 247.89 20.6926

100.16 269.06 249.43 2,1.5254
101.86 267.50 248.62 11.0736
103.61 . 2b'42 266.98 17.4351
105*31 256.69 242.73 14.1971
1 17.1le 251,73 211.75, 11*4760
108.680 246.42 236931 *, 10.1019
110.67 -* 243.09 Z34.04 9.0474
112.49 233.25 228e44 4.8143
114.32 * 233.06 0:801 5.6444
116.11121,3; 23.12 2.1130
116.07 21".61 219.28 -0.4650
120.00 214.69 216.84 -2.1477
121.97 211,67 215.12 -1.4494
123.97 201.60 210.4s -R.8861
126003 206.*78 216.25 -7.4758
128.14 221.98 21o.89 -0.9045
110.32 257.06 Z45995 6.2101
112.!? 247.79 245.95 1.3419
134.9n 24nl.39 245.95 -5.5579
137.33 292.54 277.76 14.7768
139.88 297.61 234.65 12.9599142s57 303.03 289.31 13.7135
145.44 301.95 289,26 11.6922
148.53 300.19 289.09 11.0960

* 151.93 296.79 286.70 10.0921
135.75 280.75 210.83 7.9230
160.25 276.97 271.10 5.8697166.07 253.80 251.81 1.9921
160.00 169.08 232o83 -33.7542

ASS. CORRECTI104 1#10E 01 DEC, K

TABLE VI-ý14. APCO114 OUTPUT VI- 42



- 1"'i/~ v POLAI, 9'.5 C'WZ SEA atTEk

JTJRATIý14N ý""BEA. 3

ZENITH A%'.LE !R9i TES5 APPAREAT OqqECTIO

o(DEG) TE-4P. (DEG. K) TEAP. (,CEr4 K) TE4P. (DEG. K)

0:05 4,4: 20.94 -16.4987
01;.93 33.1;7 38.51 -4.5358
IT.75 39.65 44.99 -5.3355
24:25 44.37 49.64 -5.26520 t2 a07 4P,53 53.36 -4.8237

31.47 45071 53.17 -7.4P0N
34.56 49.30 56.53 -7.1982037.4 52.71 O.02 -7.3117

40,12 36.35 53.71 -7-354i
42.67 60.90 57.56 -7.4533
45.10 6A.16 72.61 -6.4&57
47.43 70.07 76.47 -6.3959
89.68 73,2 I.01 -6.1892
351.8% 77.22 3.28 -6.0515
53.97 81.28 36.33 -6.0165
56.03 83.66 89.41 -5.7556058.03 85.18 91.90 -5.9135

60.00 87.94 9. .09 -6.1493
61.93 89.62 96.01 -6.3931
63.82 91.15 97.69 -6.5336
65.69 89.21 97,52 -8.31V7
67.52 9:.59 79,11 -8.5216o69.33 92.11 130.93 -F.8880
71.12 93.68 132-93 -9.2194
72.90 9~.". i135.09o74.65 100.14 137.49 -7.3438
76.39 75.37 96.27 -19.9026
78.12 E6.80 133.69 -16.8957
79,84 103.42 114.81 -14.3937
81.54 117.76 129.57 -11.8037
83.24 14'. 14 148.2! -9.1445
"!4.9i 165.31 169,87 -4.5176
86.63 194.26 194.65 -0.3861
8$,31 249.56 232,74 16.8135
90.00 274.34 253.82 20.5165
91.69 2'Z.68 257.95 22. 533
93.37 280.96 269.51 17.4507o95.06 293.30 275.04 18.2615
96.73 297,7 279.O0 19.56856

S98.46 303.54 253.14 20.4010
100.16 301.05 2V1.95 19.1230
-101. 29'.22 277.17 17.0499
IC3.b1 787.91 271.39 16.4125
105.35 256,32 2!2.73 3.5-E7
107.13 257.10 250.97 6.0?07

108.E8 25,45 250.46 7.9911
110.67 25,03 246.37 6.3671
112.40 2&9.45 242.77 6.6925
114.32 235.18 232.R3 2.3484
116.19 217.41 220.93 -3.5172.
118.C7 207.69 213.87 -f..1765
12.0 210 .04 214.25
121.97 20^.13 239.41 -9.0874
123.9' le-, l 211.59 -12.6739
126.03 233,' 235.29 -2.064
128.14 265.92 250.68 5.2420
130.32 305.46 289 .57 15.7953

. 132,57 329.V 9 338.05 21.0297
134.91 34,.13 315.17 24.9595
137,33 295.12 2?0.04 5.0820
09. 8p ?97. I1 298.39 8.6241
142.57 293.54 284.95 8.5927
145.44 281).9 276.32 4.5,06
1'B.51 272.51 259.61 3.1930o151.93 262.26 252.31 -0.0529

155.75 271.85 254.58 7.2661
160,25 252.25 243.63 8.6206

C166,07 135.1 7 166.71 -31.5391
180.00 131,14 154.21 -22.8746

ABS. CCRECTION 9,96E 00 DEC, K

'TABI.I V1-35. .AiCCQiL V'I jT V- 13



kUq NO. 34 08/14/69 '-4 POLAI. q.5 14EZ SEA OATLA

ITERAT1n4 NU4a F

ZENITH AW4LE 9RIG4Ti-ESS tPPAqE'4 COýrCCT!2N
DE() TEMP. tfDFG K) TEUv. ILI:' 4) TE" . (DEC- 4)

0.00 43b 13.45 s.-91045
13.93 14.,6 20.33 -5.3690
19.75 17.13 24.63 -5.4974
24.25 23,12 28.53 .- 5.4036

o28:07 25:46 32:24 -5.7836
31.47 3402Z 30.5 ) -3.6648

34,5, 37,'ýB 4'.•b -3.920D
37-4 4r) 10 4.1?-3.8189

*0.12 42.58 46.Zb
42.67 44.60 48,08 -3.47574 5 .10 4 4 .4 8 4 8 .6 9 - 4 -2 1 50

41.43 46.n6 50.22 -4.1619
49,6q 47.78 51.92 -4.1380
51.85 49.64 53.77 -4.1303
53-97 51.68 55.77 -4-0914
56.03 53.54 57.75 -4.2134
58.03 55.m8 60,05 -4.1707
60.00 i,42 52.53 -4.1086
61.93 61.'4 65.17 -3.9245
63.P7 64.45 57.95 -3.5041

65.6A 63.75 $8.86 -5.1,097
61.52 67.5'. 72.43 -4.*5990
69,33 72.53 76.70 -4.166
71.1? 77,2 91.62 -3.7027
72.90 04.7'5 47.20 -2.9495

74. 9.,74 1 -1.7i95
76.,Q 92.ir 9676.78 -3.8901

.12 i3.3, 13.5 -2.0146
79.84 115.13 115.53 40.3745
81.54 12.39 127.09 1.3121
93.24 157.32 1(6.41 10.90&?
8 .94 1•,017 154.95 1Z,122
st,63 171.16 158.65 12.5008
88,31 '63.29 154.74 8.5496
90.00 159.30 151.64 7.6586
91.6q 15,2.9 146,.0 6,2875
92.37 137. 6 136.78 0.8 89
95,06 130.12 130%82 -0.7q95
96,76 123.59 125,85 -2.2591
98,46 l1•,42 ? 2 .15 - 3.3 307

601,8 10,61 115.82 -9.2100
103.01 124.. 4  126.08 -1.2478
105.35 13•,57 l19.b 01,985
107.10 122.r7 124.8! -1.9859
11i8,8 107.23 114.99 -7.7625
110.67 90.56 134.88 -14.3158
112,08 94.28 136.23 -11.9225
114.32 101,.4 1I0.3A -9.5467
116,18 93.43 106.93 -13.49B0

i.07 92.91 138.01 -15.1003
120.00 I05.A 116.89 -11.0637
121.97 101.00 118.95 -17.9532
123.97 114.05 134.25 -20.2125
126.03 I B563 153.97 1.6579
128.11 24-,08 230.74 17.3386
130.32 284.69 252.17 22.5270
132.57 310,A2 293.B5 26.9697
134.90 325,15 24.5 4 31.0118
1:i7.33 285.16 273.53 11.6289
139.09 291.46 275.93 15.5577
-14•57 293.17 776.83 16.3718
145.44 262,74 271.13 11.631?
148.53 281.61 270.30 11.3100
151.93 279.11 271.07 8.0458
155.75 315.03 2;1,73 23.30S0
160.25 305.78 278.1i 27.3679
166.0' - 16.�,2 1B?,85 -27.5314
180.00 195.57 196.07 -0.4950

ABS. CORRECTION * 8.37E 00 DEC. K

TABLE VI-36. A1PCOR(. OUTPUT Vi- 44



PIOUN '4). 35 00/14/69 4 POLAR, 16'5 GHZ 5EA OATFR

ITEPATIor4 NUMtrR 0

ZENITH ANSIoE BR I .TiSF 54 APPA F jT Cl;RL C T1o0'
0 DEG) TEMP PrqEG K) TEMP. Or)FG TEpP. (OFG K)
13,93 21.,, 30.74 -9,33

o 19,75 27,47 S4 ,0 .1Cott24o25 24,S9 !kb, 74 - 12,i 5 42
2s.07 27.18 3992Z -!A.1362(3 3),,47 I. 36.00 -16.ergR
34,56 Z2,79 39,26 -16.4672
37•4• •,6 43.3Z *16.6561

o l0o17 3!,38 49.35 -16.67OF
42*67 37,36 53,32 415 , 7A

36,0 16.19 55.14 -18.9451C" '7.43 44,20 6i,32 .18.1106
49.6A 54,49 71.51 ".170831.86 66,%3 82.53 -15.7016

O 53,97 1.5 75,24 -14.1858

58,03 119,17 126,85 -7.7795
6.0,011 137,11 142.37 -5.259361s93 153.#;2 15A,49 -2.9672
63,8? 173,17 175.18 *1.812

C 65,61 21"1,12 214.69 1 !.434967,32 23ý.14 21I.57 12,564769033 245.90 231,75 14.•42b
71*12 256,93 241,35 5 3737T2.90 2651!2 2(C,45 16oh92

I.,,,2711,61 253.1f,76s355 2445.64 9,6708
781i? 2WO 49,01 11,255679.,4 264,42 252,b3 11,7894

O R1,54 260,34 2;6.50 11*.338A3@24 ?V•74, 2V3*27 14ý9'20
A4904 ;77),79 7555.15 16.6157

o 66 27P,55 254.a66 1 .891 fP8,31 26Q 09 290.89 9.1982
90.0o 264 b 256.58 A,07900 9 1 0vs9 261 *12 214,87 7?4,0 893o37 261033 254,42 I910A2

95a.O 259,17 23,21 5.963AnO 96,76 2&,' 1 251.89 5.0179
98.#46 254117 250,39 3.7850
t)0016 2510.7 249,11 ?.1625

S 10118p 254,?8 ?51122 1 o0590103.61 25908 254,44 4.836F105.35 767,19 25b1 5 6.23'0o I07,10 25,;91 251.14 2. 7•24
4108088 247_4 6 1 2 00 1k5
; :^ 71z.3/ 2§1.31 1.5 ,680 112,4A 227,4 231,66 -4,4167114.32 207. 67 219,72 *12.0490
116,.18 2LT,71 223.48 -6.2021

o 118.07 l?.76 270n57 -7.8113120100 20511-7 2 16,0 -I "0,9820
1221.97 196,42 212.09 -15.7655123.97 214,24 223.66 -9,4124
126.03 212,91 2?,.67 -15.7576
128,14 Z74,98 2.7.88 7.106S
1.10.37 30k.47 2n9,lo 14.3695
132.57 29*,T05 289.13 7.9519134,90 291 , 45 2915 4.3513O 137,33 311,?6 310,,3 11,3304139s8A 312,40 312,62 9.7772
142,5? 30133 3-0,91 9.11441 145,44 316,90 316,40 I0.4962
148l.33 114,42 3)4,60 9.62Z2151,9i 308,67 219,95 5.7186

C 15!,75 293.'?, 28 .35 4.7436160.25 277,32 274,58 2.7345
166,07 246,41 11.57 -4.1606( j8OO0 193,9! 2" .05 w25.2022

8AS, CORRECTION * 1.02E 01 DEC. K

TAPLE VI-37. AMCON4 OUTPUT VI- 45



RUN NU. 36 085;4/69 V POLAIR 16.5 GHZ IliA ATER

:TFJATI~j4 4•unE 0

"- 8•TvdTmESS APPArE14T CORRECT104
(ow TEMP. InFG X) TEMP. (DEG K) TEMP. (OEG K)

0.0#~57 "1.15 -4.5757
13.93 11)62 .7,44 -5.8220
19,75 12.,5 19.04 -6.3945
24a25 11078 20,87 -7.0986
28.07 1501'5 22.84 -7.6956
31o47 ý4048 23.80 -9.314t
34,54 1&026 26*14 -9.880217o43 i',ih 28,73 .10.3467
40.12 2n.32 31.52 *11.1980
42,67 22,70 34.48. - -1.7886 .
45.10 24,3 3Y.17 -12.7410o 47,43 27.30 40.53 -13.2345
49.68 30,60 44.20 -13.5997
51,6 34,28 48015 -13.8730

0 3,97 ý.49 52o37 -13.8771
56.03 40,18 55.41 -15.2220
56003 45963 $0,58 -14.9505o 60001 31,92 •6.43 -14.6066
61,93 58.89 72,92 -14.0761
63•82 66,73 80,03 -fl,29060 65,68 74.79 07.43 .12.6383
67,32 84o29 95977 -11.4816
69,3? 94,55 114,74 .10.19200 71,12 105,63 114,33 -8.7031
72,90 117,49 124.53 -7,0411
14,65 130,03 135,34 -5,3054
76,39 145,96 145,06 -2.09'9
78,12 159,40 159,60 -6.1975
. 9.84 173MO0 171,39 1.9107
84934 tE7,64 183.45 4,1944

201,69 95,52 6.3703
A4,94 217,17 2V8,36 9.0110

O 86,63 233,43 221,74 11.6853
66.31 259•00 239,77 19.2270
90000 271.15 250.16 20.994A0 • 91,69 278,55 256,95 21.9055
93537 274.60 256,75 17.8445
93,06 277s66 259,90 17.7571
96.7A 280s57 252.96 17M615n
98,46 2•3,45 263,82 17.6211

100,#1 286,65 258t52 18,3327
101.88 284,30 267.60 16.7001
103,61 279.15 2S4,49 13.0662
105,35 276.73 253,22 13.5101
1' 107o1O 270.09 259,02 11.0745
10868A 260.42 252990 7.5210
110,67 250,46 246,57 3,8885

. 112,4A 246,24 243,30 2.9453
114,32 240,10 239,11 0.96R2
116,18 232.44 234.22 -1.7816
118,07 227,64 230.92 -3.2787
i2010n 221,75 226,84 -6.084R
121,97 2i7.s5 24,,94 -7.424
123,97 211,77 222,43 -10.6583
126,03 214,18 225.57 -11.3922
128s14 229,98 238,02 -0.0479

0 130,32 280.06 258.64 11.4220
112.57 273.40 268.64 4.7646
134,90 267,91 268.64 -0.72950o 137,33 304,90 2?1,31 13.5951

• 139,88 306,93 215,38 11.6036
142,57 309,61 298,02 11.5841
145.44 3110.3! 279,67 11.8918
148s53 309.24 298.19 11.0454
151,93 303,42 293,37 10.0489C 155,75 283.42 279o95 2.35726
160,25 26A.04 267,81 0.2235

r, 166,07 259.60 256.3 3.2459
180,00 163,34 202,07 -.3.7272

M83, CORRECTION * 1,04E 01 DEC, K

TAB i1,1- VI-3,. AITCO-. OU'iTPUT VI- 46



Pdjl N). 1ý1 0712W/69 VOPLAP. 9.! .- S;A VA."St

ITERATI•y NUPDER

ZENITH ANGLE 8RI T'IESS J~pA7 •T IP

0.00 1.86 2670, -24.83)9

13.93 6C',44 $I.es -i.4332
19,7 68.67 72-02 -3.i!'8
24125 79.41 76.37 -2.45 0028,0? et.09 82.,7 -2.t6li

IV,47 79,09 83.59 -6.5032
3t 15 81.75 86.17 -4,419?
37.43 63073 fie.43
40012 85.43 00.35 -4.9196
42*67 86,98 92.0' -'.7067
36.10 8$,42 93.59 -. o1705

47.43 89.4 94,94 -5.1047
49,68 91.57 76.15 -4.4764C) 31.86 84.61 92.75 -8.1427
?3,97 86,74 94.27 -1.5259
!J6,03 13.50 961.07 .7.471k
59t03 90.59 96.3 -7.5359
bo6om 92,92, 10.43 -7.5!43
61,93 9 ?.47 132.96 -7.4904

- 63,82 99,20 105.71 -7.5163
6,668 101e46 136.68 -7.2190
67t32 I07,30 111MIS -4.5513
69033 117,96 115.22 2,7866
71,12 45.92 76.35 -30.4267
7Z,90 60,75 A3.17 -22.4242

O7*065 74.46 92.82 -854
76,39 89,24 105.23 -14.987t
78,12 106.91 120.34 -11.4310o 79.84 127,65 138i.i -10.4301
61,54 i51,63 158,52 -6,8926
83,24 189.25 16,31 2.9159
6,63 214307 207.43 6,6427

t6.63 236.24 226.37 I.868
06,31 258.40 244.28 14.1222
o0i00 274.24 257.37 16.3671

91L69 286,15 266,25 17.899"
93.37 2941 .0 275.73 l 1661
95.06 !98.75 279,34 19.140ý
96.76 t9p.28 270.38 18.8967
98,46 286.76 272.86 13.698 0

180,16 291,71 269,07 12.6251
101•,8 276.27 26449D
103,61 270e46 260,28 10,1873
105,35 Z39.09 252.66 6.(364
107.10 252,74 247,57 5.1742
108,88 246,42 ?42.6 3.7735o 110,67 240,26 237,88 2.3735
112,48 234.77 233420 j.4781
114,32 230,39 228.86 1.5326
1 16.16 205#39 214.24 -8.7506
1F8.07 2V6810 213.69
120,00 209.77 216.67 -6.6475
121,97 216,59 223,23 -6.6432
123.97 226,19 233,76 -7.ST74
176,03 279,20 2b7.68 11.5246
128,14 290,63 279.92 10.7003
13M,32 300,76 259.B4 11.2972

f132,57 308,15 ?96,10 12.2!217
134,90 312t46 299.46 12,9973
137,33 300.61 293.62 6.9897
139,88 302.11 294.39 70217
142057 301,95 294.59 7.3608
145,44 303.91 294.67 7.2425
148,53 299,51 293.0 6.4233
151,3 294,08 269,89 4.1912
155,75 304.33 293.35 10.9804
160,23 286,79 274,72 12.0672
166.07 189,29 205o53 -16.2461
180.00 105.23 149.63 -44.306

ABS. CORRECTION * 9075E o0 DEG. K

TABL' VI-39. APC] I- OUTPUT VI- 17

* 0!



l RUNi NO. 102 07/21/69 4 POLAR. 9.5 GHN SEA dATER

I ITERATION NUMeE8 0

ZENITH ANGLE ORIGNTNESS APPA8EN1T CORRECTIO
(DEG) TEmP, (DEG K) TENP. (DEG K) TEMP. (DEC K)

0.00 3.56 12.53 -6.9446
13,93 -14M5 11.*1 -13.6605
19.75 9.11 20.87 -11.7559
24s75 21.03 31,6! -10.61101
26.07 30.52 43.39 -12.7723
31,47 80.26 76o54 3.7205
34.56 87.26 85,54 1.7196
37o43 94:01 91:65 2:3565(• 40012 95,45 99,43 . G1H

42.67 100,54 97.26 3.2603
45.1n 100.60 97.43 1.1712
47,43 100.09 96.14 1.9522
49068 101.73 43,55 841739
51.86 46.51 62.23 -11.7735

S 5397 51.56 60.95 -9.3900
56.01 52.0i $0.93 -8.3984
5S.03 53081 62.27 -6.4553

. 0.0000 56,41 64,73 -9.3213
61,93 60937 68*30 -7.9367

o 63.62 65.58 72.93 -7e3536
65368 71095 78356 -6.6162
67.52 79,56 35,16 -5.5816
69.33 88643 92.69 -4.2564

- 71012 95,76 99.82 -4.0422
72.90 106.85 139,24 -2.3804
74.65 118,99 119,61 -0,6159
76.39 137.27 130.90 1.3624
78912 146,68 143612 3.5637
79,84 16.601 156,25 9.7554
81,54 17 0 37 170,29 4.0780
83.24 210.06 191.69 16.36d3
84094 221e27 231,45 19.6239

S 6263 225o67 235,66 20.0121
05.31 226.25 235o55 20.7012
90000 216.56 197.60 16.9639

C- 91.69 198.84 152.95 15.8649
93037 148.63 150.71 -2.0079
95006 120.57 134.22 -5.6471 9

S96,76 114900 122.37 -8.3625
98.46 113.05 116.90 -5.8476

100.16 104,10 112,16 -7.9836
1101068 96,43 136.11 -9.6822
103.61 69,94 130.75 -10.8123
105035 50.31 94.06 -13.7509

S0 107,1n 75.69 90.47 -14.582A
101.68 72.74 08.13 -15.3878
110.67 71,06 a7.07 -15.9963

4 112.43 71.49 87.33 -15.8353
114.35 74.52 36.96 -14.4424
116018 57.02 30.95 -23.9304

o 1t.07 68.40 89.31 -20.9116
12u,00 84.64 132.78 -14,1363
121097 105.02 121.68 -16.1562
123,97 130.19 146.37 o16.1761
126.01 223.02 238.11 15.6040
12864 z50.1z 234.45 15.6770
1303.P 273057 255.84 17.7296

..... 132.7 -2920.2 271.85 - 20.3721
r 134,9 304.52 261.90 22.6186
137.314 268.tO 275.33 12.8557

. 13908. 295.71 260.42 15.2941
142.57 301.04 214.30 1607353
145046 291,18 260,06 11.1220
148.53 295,99 284009 11.9033
151.93 300069 292.16 8,5289
155.75 368,99 333.06 35.1343

* ., 160.25 367.10 325.08 42.0208
166.07 190,43 211.45 -21.0242

0 180.00 154.61 177,62 -2310060

A DS. CORRECTION a 1,21! Of DEC. K

' TABLE VI-40. APCOR4 OUTPUT VI- 48



RUN NO. 201 07/17/6,) V PZL . 9.5 Gtz SEA WTE%

ITERATION NU1tBEO. 0

0 ZENITH 1'JGLE BRIGMT'sESS &PPARE'T COqRECT104(DEG) TEMP. ( GEG K) TE.49 (DEC K) TEMP. (DEG K)

0.03 1.71 23.12 -19.4062
13.93 33.12 41.17 -R.0476
19,75 42.69 50.68 -7.9865
24.25 51.42 58.82 -7.4063
28.'07 58.49 16.29 -7.7977
31.47 73.55 77.84 -4.2936

0 3495S 78.90 83.75 -4.8534
37.43 M3RS 680.4 . -4.0534
40012 88021 92.98 -4.7737
4o 2067 91.73 ?6.61 -4.6779
43l0 95 1 t% 99.73 -4.5697
47.43 98.00 132.39 -4.3909
49.0 100.90 134.66 -3.76283 51. 96.16 132.6 -6.7379
53.97 98.76 134.97 -6.2107
56.03 100.90 107.06 -6.1667
58.03 102.92 139.19 -6.2647
60.00 104.5 111.34 -6.3912
61*.3 108.10 113.52 -6.6165
"63.82 108,80 115.73 -6.9239
65.6R 111.00 117.96 -6.9625
67.52 115.09 120,23 45.1422
69,23 122.77 122.53 0.2426
71.12 66.75 92.24 -25.4642
72.90 77.33 96.95 -19.6286
74.65 86,81. 103.73 -16.9266
76,39 96,15 112.52 -15.6731
78.12 109.02 123.28 -14.2644
79,84 123,111 135s98 -12,0665
61.54 141,45 150.63 -9.1473
83.24 148.*5 151.25 -12.9115
84.94 176.29 185.22 -8.9352
86.61 213.36 216.94 -3.57d2
86.31 304.69 276.73 27.9P65
90,00 336.16 333.57 32.5925
91.69 352.18 317.54 34.6466
93e37 331.16 309.53 23.5296
95.06 330.2 337,23 21.0925
96o76 323.03 351.38 21o6523

98.46 300.50 287.30 13.2056
100.16 290.47 279.58 10.8915
101.8R 281.41 273.29 8.5181
1123,6 274633 256.98 5.6740
105.32 284.61 273.27 11.3399107,10 279,20 270.03 9.1983

S108.88 273o76 25bb2l 7.5529
110,67 2660!1 251,65 6.2329
112.46 262937 256.98 5.3879

F,114.32 257.00 251.49 5.5126

116.18 225.20 232.52 -7.3204
118607 724,07 230.14 -6.0624
120.00 223,71 231.15 -5.4306
121097 230.29 235.75 -5.4686
123.97 237,58 244.18 -6.6043
126.03 286,93 275.28 11.6572
-12814 296.04 255.42 10.6201
130'.32 303.93 i;2.96 10.95?9
132.57 109.33 297.72 11.6110S134.90 311.40 299.34 12.0555
137,33 29908 242.73- 6.6504
139.6e 298.13 2M1.27 6.8624
142.57 2v4.95 21S.78 6.1655
145o.44 289.78 284.34 4.4412
14E.33 286.63 279.44 3,1929
151.93 273.87 2.73.22 0,3472
155.75 282.78 275.14 7.6392
160.25 262.49 27531. p.3165
166.07 '13.17 171.93 -33.7523
160,00 137,11 160.76 -22.6516

ABS. CORRECT|0N v 1.04E 01 DEG. K

TABLE VI-41. APCOH14 OUTPUT VI-49
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DERIVED EMISSIVITY

RUN NO. 4 FREQ 16,GHZ
DATE 07/29/69
POLARIZATION V

ZENITH RRTG4TNIESS
ANGLE TEMPERATU;RE EMISSIVIY
(DEG.) (DEG.K)
96,76 275.75 0070955
98s46 275,90 0.75D54

100.16 274,05 0976224
101,88 270,99 0,76275
103,61 264,11 0,73326
105.35 264,95 0,76199
107s1o 261,50 0,75772
108,88 257,02 0*74668
110,67 252,58 0.73432
112g48 247,21 0,71575
114l32 241,84 0,69719
116,18 231,25 0.65162
118,07 228,35 0,64563
12.0o0 223,09 0,62720
121,97 216.69 0,60134
12 3,c,7  208,59 0,56736
126,03 207,17 0,56576

TABLE II-62

I
I
I
I

I'-3



F

DERIVED EMISSIVITY

RUN NO, 5 FREQ-.16,oGHZ.
DATE 08/01/69 --

POLAR!ZATIDN V

ZENITH BRIGqTNESS

ANGLE TEMEýi4.'URE EMISSIVITY

(DEG.) (DFG.K)r9676 284,15 0,n1796
93q46 275s,65 0,68517

100s16 275.RO 0,P88?43" 101,88 275,00 0,98913
103,61 276,97 ne,9O83

KQ5,35 267,36 0,06151
107,10 262,27 0,84281
108488 26D,35 0,93764

1 110967 258,66 0.e3404
112s48 253,87 0,80525
114s32 244,04 0,78370
116,18 241,26 O,77230
118,07 232,55 0,74D49
120.00 228,12 0,72537F, 121097 227,93 0,72467
123o97 220,47 MI9881
126,03 211,60 0,66592

STABLE VI-63

Sit

I
VI- -31t.



-~DERIVED EMISSIVITy

RUN NOQ 6 FREG 16,5GHZ
DATE OA/01/69
POLARIZATION H

ZENITH BRIG4TNESS
ANGLE TEMPERATURE EMISSIVITY(DEG, (DFG.K)- ~96,76 120,79 ",07
98946 14tA8 0,&2D57
1n0.16 122,10 0,09705
101,88 120,59 0,14445
103,61 12D,07 0.17512
105,35 119,53 0,19561
1.07,10 122,74 0.22524108,88 126,n4 0,25280
110,67 127,90 0,27510
112,48 127.91 0,28564
114,32 131,39 0#20867
116.18 135.74 0,33174
118107 132.99 0,32919
120,oo 135,ne8 0,34594
121,97 143,54 0374567
123,97 143,65 0.38394
126,03 147,99 0,42363

TABLE V7-64

V

VI- 2:15



I'. DERIVED EMISSIVITY

RUN NO, 7 FREQ 16s5GHZ
DATE 08/01/69f POLARIZATION H

f ZENITH BRIGHTN~.ESS
tANGLE TEMPERATUJRE EMISSIVITY

(DEG a (DEG.K)
96o76 121,4~5 '-0#25510
98e46 124,93 -0,03349
100,16 121.20 Oo39421
101.88 118.79 0o16529
103.61 115,13 0,18728
105v35 117.25 0,21986

£107#1o 125o45 0,26568F108,88 126o38 Ot 71421
110.67 122.02 0,027390
112g48 131,88 0,32477

*I114o32 139,07 0.36166
116.18 124,04 0130960
118s07 137,28 0,36579
1,20,00 142.79 0.39324
12 1 a97 142,56 0,40DOBL123;97 144,45 n.4145o'
126,03 145,85 0,42550

I ~Table VI-65J



i*

DERIVED EMISSIVITY

RUN NO, B FREQ 6,s5GHZ
DATE 08/01/69

' POLARIZATION V

ZENITH BRIGqT'ESS
ANGLE TEMPFRATLIRF EMISSIVITY
(DFG,) (DEGK)
96,76 275,20 0.83918
98,46 271.67 o,84379

100016 274,01 0.87444
101,88 279o86 0,91064
103,61 275,59 0,%9561
105,35 272954 0,88555
107,10 264,45 0,85324
108,88 254,18 0181136
110,67 245,39 0.78110
112,48 245,42 0,78441
114,32 238,35 0,75995
116,18 233,16 0,74309
118,07 229,50 0,73205
120,00 219,27 0,69576
121,97 217,16 0,n,9087
123,97 215,73 0,S8927
1269,03 2051,5 0,651B4

TAB LE VI-GO

V J-237
L



I
I

DERIVED E14ISSIVITY

7RUN NO. 9 FREQ 16,5GHZ
DATE 0R/01/69

. POLARIZATION V

r ZENITH SRTG4TNESSANGLE TEMPFRATURF EMISSIVITY

A (DEG,) (DEGK)96t76 274,38 0,48740S98,46 273,93 0,58R64100916 272,14 0,64747
269o66 0.71389103.61 267,60 0,75548

105,35 260.13 (,975224
107.10 259,68 0,78564S108.88 255.61 0.79299
i0.67 24A,.18 0,77484112.48 247,01 0,78194114.32 239,89 0,75584116,18 234,75 0.7412111A,07 227.94 0.71774

120.00 227,07 0.71582121,97 223,32 0.70726
123o97 221,90 M,70SO0
126.03 215,08 0.58765

II
T[LE VI-67

VI-[:



DERIVED EMISSIVITY

RUN NO. 10 FREQ 16,5GHZ
DATE US/01/69
POLARIZATION H

ZENITH BRIG4TNESS
ANrLE TEMPERATURE EMISSIVITY
(DEG.) COEGIK)

9 9 ,76 150,82 -1,57794
98o46 151,76 .0B88717

100,16 148,66 -0.46446
101,88 147,%6 -0,15337
103,61 147,95 0,01597
105,35 152,97 0,16738
107,10 150,74 0,23186
l0op,88 149,43 0.28548
110,67 149084 0,32378
112,48 146,66 0,32161
114g,32 150,10 0,34175116,18 150,98 0,34540
118@07 153,13 0,3531S
120,00 151,18 0,34204
12107 19,15 008976
123,97 154,52 0,43382126s03 173,74 0,48725

I

I

j TAB1LE Nrl-68

I

S1 
VI -"23 9



F

I DERIVED EMISSIVITY

RUN NO. 11 FREQ 16,SGHZ
DATE 08/0 5 / 6 9
POLARIZATION V

ir ZENITH RRIG4TNESS
ANGLE TEMPERATURE EMISSIVITY
(DEG,) (DEG.K)
96076 326.42 1,i41899
98646 322,41 1,26731

100s16 321,59 1.2ID44
101.88 32o0,7 1.18370
103.61 312,88 1,10630
105,35 314,36 1.11235
107.1o 302,54 1,12522
108.88 296,41 0,98185110s67 297,64 0,99374
112.48 289.88 0,93707
114o32 283,03 0,894681. 116.18 282,54 0,89235118907 276,93 0,85543
120,00 269,07 0,80571
121,97 262,90 0,76561
123,97 264,19 0,77542126v03 259.79 0O74746

I ~TAB LE Vi-;

1VL



DERIVED EMISSIVITY

RUN NO, 12 FREQ l6.5GHZ
DATE OR/05/69
POLARIZATIO4 H

ZENITH BRIG4TNESS
ANGLE TEMPERATURE EMISSIVITY
(DEG,) (DEGK)
96,76 213s60 -0,48556
98s46 210,12 n0,22619

100.16 203o07 -0,07896
101,88 195,29 0,01990
103.61 193.08 0,08725
105,35 196.21 0,21927
107,10 191,96 0,24997
108,88 191,n1 0,29157
110,67 194,76 0,35144
112,48 192,15 0,35460
114,32 193,96 0938145
116.18 197.78 0,41342
118.07 198,57 0,42553
120,00 201,43 0644733
121,97 195,93 0,42580
123,97 200.14 0.45721
124,03 205W90 0,4953b

I

I

STAIT IBE VI-70

'I VI -2 11



I

DERIVED EMISSIVITY

I RUN NO. 13 FREQ 16.9GHZ
DATE O/05/69
POLARIZATION V

ZENITH PRIG4TNESSANGLE TEMPERATURr EHISSIVITY(DEG, (DFG,K)

19,76 282o45 0,9187298o46 27404€ 09A8499

100s16 272,18 0,A8149101,88 268o59 0sP6153
103.61 26b4,91 0R5519105l35 261,08 0*94313
107.lO 255,46 0,R2?62
108.88 250.21 0,R0363
110,67 244,71 0.78290112.48 234,61 0,7 4 91 1S114g32 23P,,50 0,76591
116,18 232,30 0,74437
118.07 230,20 n,7396
121N,0o 228,16 0,73?55
121,97 215,76 0,58731
123,97 222.,7 M*71565
126,03 208.59 0,56315

-

!• TAB LE VI-7I

Vi -" '2



FORTRAN IV PROGRAM EHISS (LINK-EDITED AS EMISS STARTED 11/26/59

DERIVED EMISSIVITY

RUN NO. 14 FREQ 16t5GHZ
DATE OA/06/69
POLARIZATION H

ZENITH PRIG4TNESS
ANGLE TEMPERATURE EMISSIVITY
(DFG,) (DEG.K)
96,76 117,93 0.02355
98g46 118,47 0.08218

100,16 114.Pl 0.1Illo
101.88 1110,7 0.13105
103.61 114,7 0,16954
105,35 1U9.68 0.21500
107.10 121,93 0.23718
108,88 121098 0,25489
110,67 124,47 09?7709
112.48 128,68 0t30582
114,32 131,15 0,12436
116.16 135.17 0.34S05
118,07 137,F- 0,36206
120,00 137,56 0,36552
121997 153,06 0,41984
123,97 153,74 0,43888
126,03 163,48 0,43362

TABI.E VI-72

Vil -



F

DERIVED EMISSIVITY

fI RUN NO. 15 FREQ 1615GHZDATE 04/07/69

POLARIZATION V

r ZENITH BRIG4TNESS
"" ANGLE TEMPER&TAJT EMISSIVITY

MEG, {(DEG.K)
S96.76 270k15 0,89516

9 QA,46 21i.71 nf.8216
100916 273,28 0,19314
101,88 274,68 0,o0159103@61 265o9l 0,P6742
105035 262,20 0,85472
107,10 254,30 0,82541

F 108.88 247,18 0,797051. 110m67 242, r6 0,781IR
112,48 236,50 0,76277
114932 229,44 0,73804
116,18 222,24 0s71282
118,07 217,46 n,69s5A
1200,0 211,97 0.57392
121,97 209,05 nS6119
123,97 201.94 0,S5155
125.13 195,44 0,62416

1.-

Ii



l9

DERIVED EMISSIVITY

RUN NO. 16 FREO 16,5VHZ
DATE 09/07/69
POLARIZATION H

ZENITH BRIGHTNESS
ANGLE TEMPERATURE EMISSIVITY
(DEC,) (DEGK)
96o76 100.35 -0.02786
98,46 102,65 0905408

100.16 101o80 O,1179
101688 105.18 0,16528
103,61 102,29 0.17895
105,35 105018 0,21379
107.10 106.02 0.?2536
108,88 107,23 0.24)10
110.67 111.71 0,Z7')37
112,48 liIst9 0.29?36
114,32 114.83 0,29573
116.18 122,17 0,32960
118.07 121.34 0,33n48
120900 127,21 0,35586
121s97 126,18 0,35563
123.97 137.40 0,40244
126,03 158.99 0,48555

b

rAU'I3t*: ".1 -7-

VI I AiI



Htm

DERIVED EMISSIVITY

RUN NO. 17 FREQ 16,5HZ
DATE 08/07/69

r POLARIZATION H

ZENITH BRIG4TNESS
ANGLE TEMPERATURE EMISSIVITY
(DEG,) (DEG,K)
96076 102,51 -0032566

4 98g46 108.15 0037259
100.16 107,10 0.12318
101,88 lO0,a0 0,16116
103,61 109,63 0,19123
)05.-35 107,82 0,19399S107,110 111,61 0,722707

108,89 115.59 0,25071
110m67 IIr,28 0,27394
112.48 12n,79 0.29281
114s)2 122.10 0.30539
116.18 128.39 0,33f533
118007 19.49 0,34772
120,00 134, 5 1 0,37D25
121@97 134.95 0,17766
12. '7 139,24 0,39)14
12t,03 146,09 0,42954

1..

TABLE VJ-75

IN71--2. 16



DERIVED EMISSIVITY

RUN NO. 18 FREQ 1,,.SGHZ
DATE 0n/07/69
POLARIZATION V

ZENITH RRMO-TNESS
ANGLE TEMPERATURE EHISSIVITY
(DEG.,) (OEGK)
96.76 274,54 0.•871198,46 272,19 o088304

10016 Z71,39 0.08450101888 267,33 ,70103,61 265,67 0,96531

105,35 262,91 0,85778
107,10 253,49 0992310
108,88 246,16 0079539110,67 241,6,1 ,78231112.4k 234.55 0,75904114s32 227.f10 0.73499116.18 224.,47 0.72461118,07 221,72 0.71519
120,0o 211,34 0.67?7n121097 208,59 0,67144
123.07 203 ,9 0,55534126,03 200,37 0.54472

TABLE VJ--76

VI-247



F
DERIVED EMISSIVITY

RUN NO. 19 FREQ 16,5GHZ
DATE 08/07/69i I POLARIZATION V

ZENITH BRIGHTNESS
ANGLE TEMPERATURE EMISSIVITY
(DEG,) (DEG.K)
96.06 274,40 0,8848998,46 269,19 0,86982

100.16 269,29 0,87437
101,88 268,41 0,87330103,61 261,21 0,04726103,35 256,85 0,43292107,10 251,71 Ot1539
108,88 245,40 0,79327S110 e67 238,45 0,76987112.48 232,65 0,T5D59
114,32 227,52 0,73377
S11618 223,24 000888118,07 214,24 O,58872
120,00 214,12 0,68996V 121,97 20S,53 0,67141123,97 2019P3 0,54983126,03 198,10 0,53599

1.

TAB LE VI - 77

I;

I 
VI -2.18



DERIVED EMISSIVITY

RUN NC. 20 FREQ 16,5GHZ
DATE 08/07/69
POLARIZATION H

ZENITH RIG.4TNESS
ANGLE TEMPERATURF FMISSIVITY
(DEG,) (DEG.K5
96076 97,40 "0,03759
98,46 104,41 0,06177
103.16 104,73 0,11292
101.88 107j49 0,16163
103.61 105.nO 0,18310
105035 105t63 0N20143
107410 109,29 0023163
louse8 113,S6 0,26219
110e67 117.72 O,?9360
112s48 118?•9 0,30137
114o32 119.4 0,31199
116,18 i22 , 5 0,33141
10 07 127,40 0035333
120000 131,40 O036867
121,97 132. 8 0,38195
123,97 137,04 0.40456
126,03 152,46 0,46576

TABLE VI- 78

X' -2 H
lV



r

DERIVED EMISSIVITY

1' RUN NO. 21 FREQ 16,5GHZ
DATE 08/08/69
POLARIZATION V

ZENITH BRIGHTNESS
ANGLE TEMPFRATURE EMISSIVITY
(DEG,) (DEG,K)96,76 268o'36 0,85545

98o46 25S,31 0,A2142

100.16 259,51 OoS2?41
S101,98 259,94 0,83968
S103961 252,08 0,81049

105,35 246,36 0,79)97
107,10 241,78 0,77562
108488 238,16 0,76364
110.67 234,46 0,75271
112,48 227,37 0,72S42
114,32 222,)1 0,71408
116.18 2190 7 0,70378
118,07 212,97 0,68129
120,00 210,38 0.67350
121,97 201,89 n,54439
123,97 706.32 0.66240
126,03 207,54 0,66138

TABLE VI--79

SVI o -250



DERIVED EMISSIVITY

RUN NO, 22 FREQ 16,5GHZ
DATE OR/08/69
POLARIZATION H

ZENITH BRIGHTNESS
ANGLE TEMPERATURE EMISSIVITY
(DEG,) (DEG.K)
96,76 100,17 00306114
911,46 109,12 0.05720

100,16 1086A9 0,11362
101,88 109,71 0.15622
103,61 111031 0,19364
105,35 117,16 0,23594
107110 119.01 0,25H60
108488 122,21 0,2C?63
110,67 126,34 0,31243
112.43 124,95 0111580
114,32 129,48 0.34370
116, .8 125,40 0033183
118,07 134,15 0,36937
120,00 13SO,~' 0,38058
121,97 1390)3 0,40375
123.97 150,19 0,44389
126.03 177,12 0,54797

TA• LE VI - SO

% V1 -2.51



I
DERIVED EMISSIVITY

I' RUN NO. 23 FREQ 16,5GHZ
DATE 0R/08/69
POLARIZATION V

T ZENITH BRIGqTNESS
SANGLE TEMPFRATURF EIISSIVITY

(DEG,) (DEG.K)
96.76 264,99 04677
98o46 257,97 M,82572

100016 258,10 0 ,q 3 4 2 5101,88 258211 0nA3565
103.61 262.06 005568
105.35 255,18 0,93382
107vio 245,78 n,79574
108.88 241,47 0,78159
110967 24•,90 0,78213
112,648 2303,7 0,74706
114.32 23D0,5 0,74909
116.18 223.62 0,72466
li,07 220,61 0,71549
120,00 216,08 M,70161
121,97 206,50 n,S673n
123,97 204,93 tS6232
126*03 202,468 065469

T LI.: V-I

I!



DERIVEn EMISSIvITy

RUN NO. 24 FR4Q 1e6,GHZDATE 08/08/69
POLARIZATION H

ZENITH RIýA4TNE•SANrLE TEMPERATURr EMISSIVITY
(DEG.) (DEG.K)96,76 102,77 ",30

98=•b109,71 0037577
100,16 108.15 0913450101.88 1009,40,74
103,61 112,' 0,20179
105735 111804 0,2148A107.I0 11F,0* 0.24?49110t,8 121,17 n.26573110,67 II;,.0 0,27276
114 123.n9 0,29767114.32 127,r8 0,32373116.1,1 132,01 n.35273
I18,07 13?,,•i 0,35)52

121,00 !35,99 0.38178121.97 J44ot)6 0 4.1963123,97 145.57 0,42882
126,03 169,67 0,51749



DERIVEn EMISSIVITY

l RUN NO, 25 FREQ 16,5GHZ
DATE 08/12/69
POLARIZATION V

ZENITH BRTG4TNEýS
ANGLE TEMPERTUJRE EMISSIVITY
(DEG,) (OEG.K)
96,76 265,39 0.0476898,46 261,97 008421010% 16 265,08 0,86123

101.88 268.36 0087737
S103.61 262,61 0085759105,35 252,76 0.82199

£107.10 002199Z07lO249,84 0,01303
108,88 243,63 0,79112
1F 10.67 233,11 0,75429112,48 227,74 0,73589
11,s32 227.51 0.73524
116,18 217.n2 0970147
11,07 212,73 0968157
120,00 205,C8 0.55S31121o97 203,83 M,55415
123,97 197,37 n,53314
126.03 194,95

TABLE V-w3

I 
VI -"2,;



DERIVED EMISSIVITY

RUN Nfo 26 FREQ 16.5GHZ
DATE 0R/12/69
POLARIZATION H

ZENITH RR!GqTNES
ANGLE TEMPrRATURF EMISSIVITY
(DEG.) (OEG.K)
96,76 9q,61 0.01343
98.46 104.19 0,09358

100,16 102,71 0,13160
101.88 101,A3 0,15293
103061 101.F8 0.17332
105,35 104.46 0.20305
107,10 109,81 0,23570
onlR ll4,n7 0,26055

111,67 115,75 5,7A,91
112,48 114,42 0,28360
114,32 121.71 0,32029
116.18 119.51 0,31?39
11R,07 124,66 0,34537
12,Co0 131,74 0,37744
121,97 127,54 M,3b521
123,97 145,45 0,43586
12IS03 169,33 0,52523

I

I
[

STAB LE V - i

I •

SI VI-2,;5

I%



r

DERIVED EMISSIVITY

I' RUN NO, 27 FREQ 16o5GHZ
DATE OF/12/69r POLARIZATION V

ZENITH BRIG4TNEýS
ANGLE TEMPERATURE EMISSIVITY
(DEG,) (OEG,K)

96,76 270,60 0,R6R14
98.46 266,19 0.85590

100,16 265,77 0,86D89101,88 263,61 n,95482

j 103.61 257,72 0,04259
105.35 253,27 0.199
107•10 250,26 0,81D69
108.88 244,74 0.79132
110,67 235,96 0,76466
112.48 233,87 n,7552b
114.32 227,68 0 '3405F 116,18 222,33 V071500
118s07 217s2 0,59976
120,00 212.61 N.68339
121s97 205.3 0965922
123.97 205,24 0,66141
126,03 197,30 0,S3512

TABLE VI-5



I
DERIVEn EMISSIVITY

RUN NO, 28 FREQ 16,5GHZ
DATE 08/12/69
POLAKIZATInN H

ZENITH BRIGATNESS
ANGLE TEMPERATURF EMISSIVITY
(DEG,) (DEG.K)
96,76 10 nO -0100467
98046 111,07 0,08685

100,16 109,56 0,12989
101.88 107.38 0.15506
103,S1 114,50 0,21307
105.35 109.'0 0,20154
107@10 119.62 0,26301
108.88 123,09 0,28713
110.67 118.14 0,28:73
112,48 123.63 0•. 1071
114,32 128.50 0,337-- -
116.18 131,26 0,15327
11A,07 135,11 0,37423
120,10 139,11 0,39416
121,97 13S.27 n,39S91
121s97 141,12 0.43?04
126,03 170.23 0,52r25

'FAl 1,1 F V

\I- 257

t~ ~i



DERIVED EMISSIVITY

RUN N(, 79 FRFQ l6,5GHZ
DATE uP/12/69
POLARIZATION H

fZENITH BRIGHTNESS
ANGLE TEMPERATURC EMISSIVITY
(DEG,) (DEG.K)196s76 102,49 -00•0460
98,46 108t21 0,08241

100.16 1079F6 o01i1
101.88 1BB1139 0 16379
S103161 1101.24 I049417
105s35 111,98 ( 21 38
107.10 114,40 ) ,24)91
t.08188 117,P5 0,26415
110o67 121,57 0,29150
112 A8 123,o)0 0, IO79
114.32 125,76 0,32580S116118 174,03 0 32514

118907 125,98 0,33969
i2t O0 134,75 0,37524121097 1365,0 0,38900
123*97 14'%')3 0,40593
126*03 149,53 0,44446

TABLE VI-87

V

i. w'-258



DERIViD EMISSIVITY

RUN NO. 30 FREO 16,5GHZ

DATE 09/12/69
POLAkIZATInN V

ZENITH BRIG4TNESS
ANGLE TEMPFRATURE EMISSIVITY
ýDEG,) (DEGK)
96.76 275,42 0,88960
98.46 269,45 0,06478

100,16 268,26 0,86795
101,A8 264,18 0,85519
101361 256,18 0,82367
105,35 255,60 0,82483
107,10 252,42 0.81516
108.88 246,49 0,79452
11%,67 238,71 0,76762
112,48 231.70 0,74154
114g32 724,51 0,71A78
116,18 221,70 0,71D43
118.07 214,74 0,68553
l2nzOo 210,45 0.67253
121,97 205,6b 0,55952
123,97 206,13 0,h6694
126,03 198,91 0,63713

TABLE VI- 88

VI -259
-•,



F
I,

DERIVED EMISSIVITY

RUN NO. 31 FREQ 16.5GHZDATE 0q/13/69
r POLARIZATION H

ZENITH BRTGWTNESS
ANGLE TEMPERATURE EMISSIVITY
(DEG.) (DEG.K)
96o76 111,03 "0.0590098j46 116,50 0,04798100,16 112,28 0,09935101.88 111,67 0,14568

103.61 113,35 0, 18445105.35 116,54 0,22104
107t10 117,50 Do14150S108,88 117,31 0 25235110.67 117.8 0,26195
112,48 121,04 0,9555- 114,32 125.21 0,31757F 116,18 126,67 0,33303
11,807 132,35 0,35770120,00 133,13 0,36570121.97 132,P2 0.37159123,97 139,12 0,40181
12fo03 151,99 0,45178

"I 
TABLE NI-89

1.

VI-2(;0



DERIVEO EMISSIVITY

RUN Ntl, 32 FREQ 16.5GHZ
DATE 08/13/69
POLARIZATIDN V

ZENITH RRIG4TNESS
ANGLE TEMPERATURF EMISSIVITY
(DEG,) (OEG.K)
96g76 273o62 0,9683998s46 268,58 0.85451

10,'),6 269',96 0,6983
101,88 267,50 O.86228
103961 264,42 0,85340
105,35 256,89 0.82562
107,10 253,23 090'56
1o08.8 246,42 0,78982
110,67 243,09 0,77942
11?,48 2330?6 0,74386
314,32 Z33,66 0,76n09
116,18 225o23 0.71907
118,07 21S.82 0,69579120,00 214o69 0,68215
121,97 211 67 0,57312
121,97 201,6O 0,63777
126,03 20q,78 0,66552

I
&

I

TABLE VII-9t)

[

! [ 
V~I-2(;1

I



DERIVED EmISSIV'ITY

IRUN NO. 15 FREQ e5H
DATE 08/14/69
POLARIZATION H

ZENITH ARIGT4TEsSS'IANGLE TEMPERATURE EMISSIVITY
(DEG,) (DEG.K)19676 256,91 -.067486
99s46 254,17 "0,55700

100016 251,27 -0.41585
101,88 254,28 -0,27725
103,61 259,28 w6*11524
105.35 262o39 0.03.350F107.10 253,90 '.0,32781
108,88 2470f4 -0.16460
110,s67 242,37 .0,01631
112,48 227o24 Cl13174
114,32 207,58 0.03249~
116,18 217,28 0,29541
118,07 212,76 0937853
120,00 205,07 00'1967
121997 196,32 0,42ý68
123997 214,24 0957146
126.03 212991 o92

TABLE VI-~91



I
DERIVEn FMISSIVITY

RUN No, 36 FREQ 16,IGHZDATE 0A/14/69

"POLARIZATION V

ZENITH BRIGHTNESS
ANVLE TEMPFRATURE EMISSIVYTY
(DEG,) (DEG.K)
96,76 28,957 0,80 61
96,46 283,45 0,85997

100.16 285, 5
101,88 284,30 0,89481
103,61 278,15 0,86571
105,35 276,73 0,86591
107,10 270.09 0,83965
108,88 260,42 0,79968
11n,67 251,46 0,76167
112,48 246,?4 0,75325
114932 24),10 0,73506
116.18 232,44 0,71?73
118,07 227,64 n,70197
120,O0 221,76 M,58239
121,97 217,51 0,67565
12.,97 211.77 0,56647
126,03 214,18 0,67522

TAB1 E' X -)I92

1 -j263



Ir

DERIVED EMISSIVITY

RUN NO,201 FREQ 9l5GHZ
DATE 07/17/69
POLARIZATION V

fZENITH BRIG-4TNESS
AN6LE TEMPERATURr FMIASSIVITY
(DEG,) (DEGK)
96,76 323.03 1,17371

1 98,46 3O50 IO ,09O43
100016 29go47 0,95129
101088 281n.l 0,90q28
103s6l 274,13 0,9798O
105l35 284961 0,93202,-107ol0 27?,20 0,40522

!1081,88 273,76 D,87704

110,67 268.11 0,945P6
112.48 262,37 0,81128
114932 257,1O 0,77432
116.18 225,20 o,61104
118.07 224,07 0,50993
120,00 225,71 0,62243
121097 231,29 0,S4967
123,97 237,8 0,•9N20
126,03 ?85.63 0,93n3R

I- TABlLE \I-9"j

i-

If~



DERIVED EMISSIVITY

RUN NO.101 FREQ 9,5GHZ
DATE 07/71/69

I POLARIZAT1-N V

1ZENITH ARIGATNESS
ANGLE TEMPERATLJR EMISSIVITY
(DEG,) (DEG.K)j96076 298.28 0,99374
98,46 286o76 0.91323

100,16 281,72 M*R9591

1 101:88 276,27 n A7475I01,61 271,46 0,86226

105,35 259.09 0082148
107,10 252074 0.79100
108,88 24S.41 0,75848
110,67 24-.26 0,72333
112,48 234,77 0,S85411 114,32 230.39 0,65404
116018 205o49 0,53228
118,07 236.10 0,54297
12.,00 209,77 0,56553
121,97 215,59 0N60404
123,07 225,19 0,55180
126,03 279,20 0,90598

!

'FTAB 1,E' X-1- I)

I
"1

I TABV1-21;5



I
DEAIVED EMISSIVITY

RUN NO,102 FR-Q 9,5GHZ
DATE 07/21/69
POLARIZATION H

ZENITH BRIGHTNESS
ANGLE TEMPERATURE EMISSIVITY
(OEG., (DEG'KI
96876 11l.00 -0985B82
98g46 113,05 -0612'40

100,•16 104,18 -0 46346
101.88 96,43 "0#33855
103e61 89,94 -0@26214
105:35 80,31 -0,22251
107910 75.89 -!0017096

r 10888 72.74 -'O12525

11D067 71,08 .n,08285
112.48 71.49 1.0,14010
114,32 74,52 0,00594
i16.18 57.02 -0e 4199
118.07 69,40 09D2155
120,00 84o64 ntll)4n
121.97 105.52 0,20722
123,97 13'.19 3,31496
12b.03 223.92 0,68368

TABILE VI- 7

i

j



I
DERIVEn EMISSIVITY

RUN NO. I FREQ 9,5GHZ
DATE 07/25/69
POLARIZATION H

ZENITH BRIGHTNESS
ANCLE TEMPFRATLJRF rFi1SSIVITY
(DEG.) (DEG.K)
96,76 109,75 0,11312
9S,4b 126,65 0,22498
100216 138,16 0,30572
101,81 15ý916 0,38222
103.61 165,41 0,43544
105.35 96,09 0,14309
107.10 96,31 0,13429
100.88 1J6S,4 0,21148
110.67 134,32 0,29420
112.48 147,23 0,35749
114.32 171,37 0,46740
116.10 13S.27 0,2974
11R,07 102,14 0,19035
120.00 93,07 0,17166
1210•7 127951 0,31n8l

123,97 143,61 0,06409
126.03 207,99 0,63512

TAM' I.1 VI-9G

7VI-2•I



F

DERIVED EMISSIVITY

RU4 NO, 2 FREQ 9siGlZ

DATE 07/25/69F POLARIZATION V

ZENITH BRIG4TNESS
ANGLE TEMPERATURE EMISSIVITY
(DEG,) (DEGK)
96,76 296,92 0198?18
9As46 279,20 00905-R
100.1' 276,50 0.90183
101,88 27S,14 0,9027-7 103.61 267,29 0,16570
105935 260,00 Oq3503
107.1O 245,70 0,77359
108.88 237,62 0,73448
11%,67 235.79 0,73200
112,48 232,44 0,71379
114v32 227,18 0,59129
116118 196,79 0,5614P
11C,07 190,25 0,53186
120,00 186.39 0,51442
121,97 175.91 n.47161
123,97 171,14 0,4734
126,03 208,6 0,50404

TABIIEC \I-97

". %'I ~- 2 ;



T

DERIVED FMISSIVITY

* RUN NO. 33 FREO 9,3GHZ
DATE 0/14/6b9
POLARIZATInN V

ZENITH RRIGATNESS
ANGLE TEM10RATURE EMISSIVTTY
(DEG,) (DEG.K)
96,76 297,57 0,•9982
98946 3C3,54 1,02568

100,16 301,08 1.01066
101.88 294,22 0,97543
103,61 287,81 0094597
105,35 256,32 0,19514
107,10 257.00 0,79741
108,88 258,45 0,B0170
11f.67 252,74 0,77512
112048 249,46 0,76145
114t32 235,18 0,19389
116.18 217, i1 0,61117
118.07 207,69 0,56565
120,00 210,S4 0,58188
121,97 200,32 0,53783
123,97 19 ,'71 0,5356 0

126,03 233.24 0,i9944

T A \1 -L : V



I

DERIVED EMISSIVITY

RUN NU, 34 FRFQ 9.5GHZnATE 0P/14169

POLARIZATION H

I ZENITi BRIGHTNESS
ANGLE TEMPERATURE EMISSIVITY
QDEG.) ýDES.K)96276 123.59 "0,16041

98,46 1180,2 "0,39384
100,16 113,44 -0,03333101j88 106,61
103,61 124,84 0l 35"?105,35 130,5- 0,19405IC7,10 122,87 O 8!37

108,88 107;23 0,1895110o67 90,56, 5

j12,41 94,28 0, 0977"114,32 101,84 0,15394
•i148 93,43 0,12945118,07 f2, 9 1  0.13500120100 105,83 0119,09121,97 101,06
12,07 111,05,2,?
1Z6,03 185,63 0,54157

TABLE VI-99

VI-27o
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SECTION VII

ANALYSIS OF RESULTS

The derived sea water temperr'tures from the 16. 5 GHz verticai runs were ana-
lyzed to determine a relationship to the thermometric tcmperature. These vertical
run temperatures are plotted in Figures VI-78 through VI-96. The nominal average
thermometric temperature during the period of these measurements was about 2990 K.
The 2990K crossing on the curves occurs at zenith angles varying from a low of 102. 9'
to a high of 113. 50 with an average zenith angle of 108. 90.

If the temperatures at a zenith angle of 108. 90 are tabulated from all of the curves,
the average of the tabulation is 299. 0°K with a standard deviation of 5. 190. The
deviation is caused primarily by two runs, Run 5 which was the first 16. 5 GHz run
made and Run 21. If these two runs were eliminated from the tabulation the average
temperature wonuld be 299. 030 K with a standard deviation of 2. 50. TVe values
observed are considered within the stability a,,d overall accuracy limitatiors of the
equipment that was used.

The actual value of the invariant angle may be different than the angle indicated
by this relatively small amount of data. The important point is that correlation
with the thermometric temperature does exist within the accuracy of the test set-up.
In order to provide a check on similar data an examination was made of some
measurements taken in 1966. Thee were sponsored by JPL (Ref 5) and were
taken from a wk.it coast location. The data from two runs, where the thermometric
temperature was 2880 arid 2920K, was extracted and processed through the iterative
computer program ROCK 3. The derived water temperature was 288 a. a zenith
angle of 110. 70 for the first run and was 2923 at a zenith angle of '21. 90 for the
second run.

The temperature derived frorm the horizontal runs, the derived vmissivity from
the horizontal runs anti lne slone of the curves of temperature as derived from the
vertical runs have been examined ")r correlation with sea state. To aid in this
examination a table has been made %% ,-h lists the runs in gener-al order of the
roughri'ss of the sea. This data is shown ,n Table V!X-1. No distinct correlation

with sea state hMs bcee fourd The large varia1i 17's in apparent sea water tempt-ra-

ture for the horizL-italiy pola ri_,t-d runs near the horiL.-n are caused by the presence
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of clouds on or near the horizon. The curves with the largest dips coincide with
the days when there were a large amount of dark rain bearing clouds on the h(,.izon.
The distortion of the derived water temperature curves is due primarily to the lackr of fine profile data on these clouds just above the horizon.

The horizontal derived emissivity curves (Figures VI-127 thru VI-141) are sig-
nificantly different than ;he theoretical emissivity curve (Figure HI 1). These
curves should have the greatest sensitivity to changes in sea state. No direct
correlation with sea state has been noted with these curves. Sea state correlation
may have been better if equipment with higher sensitivity had been used or if the
geometry of the site had permitted a wider range of viewing angles. The relatively
constant deviation from specular emissivity of these curves is unexplained.
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TABLE VII-1

RUNS IN ORDER OF DECREASING SEA STATE

'Run Date Time Comment

9 8/1 1610 Sea white caps, good 3 ft swell, 1-2 ft chop
10 8/1 1637 Sea white caps, good 3 ft swell, 1-2 ft chop

11 8/5 1555 3 ft swell, slight wind ripple
12 8/5 1628 2-3 ft swell, 1-2 inch wind ripple

206 8/5 1649 2-3 ft swell, 1-2 inch wind ripple
27 8/12 1621 2-3.5 ft swell NW, wind NE 10-15, 4-8 inch chop

311 8/12 1432 Approx. 3 ft swell
26 8/12 1313 2-3 ft swell from NW, 8-12 inch wind ripple

25 8/12 1225 2-3 ft swell from NW, 6-12 inch wind ripple
28 8/12 1655 2-3 ft swell, 4-8 inch chop

302 8/8 0955 1.5-2 ft swell, rough 12-18 inch chop
303 8/8 1332 1.5 ft swell, 12-18 inch chop, quite rough, very

few white caps
8/8 1455 Same as run 303

24 8/8 1531 Same as run 303

304 8/8 1605 Same as rni 24
305 8/8 1638 Choppy sea 2 ft

14 8/6 1550 2-3 ft waves

13 8/6 1309 1-2 ft swell, 8-12 inch wind chop
29 8/12 1845 1.5-2 ft swell, 6-8 inch chop
21 8/8 1132 1-1.5 ft sea sea probably rougher thi indicated
22 8/8 12410 1-1.5 ft sea since all 8/8 rougher

313 8/13 0930 1-2 ft swell

31 8/13 10,8 1-2 ft swell, 15-20 ft period, 4 - 8 inch chop,
wind N 5-10

32 8/13 1115 1-2 ft swell
301 s/i 1532 1-1.5 ft sell and chop

"30 8/12 1915 1-1.5 ft swell, 6-8 inch chop

V11 -3



TABLE 1.11-1 (Cont.)

" Run Date Time Comment

312 8/12 1945 1-1.5 ft swell, 6-8 inch chop

S307 8/11 1400 2 ft swell, period 15-20 ft, gentle but distinct chop,

some white caps

306 8/11 1222 Swell from NW, slight chop, wind NW 5-10

F 308 8/11 1617 Similar to RLu, 306
309 8/11 1657 Water much calmer than Run 306

17 8/7 1655 1 ft swell, 6-8 inch wind chop, wind S 5-10

18 8/7 1729 1 ft swell, 6-8 inch wind chop, wind S 5-10

19 8/7 1915 1 ft swell, 6-8 inch wind chop, wind S 5-10, 10 ft period

20 8/7 1949 Wind SE 10-15

15 8/7 1216 Approx. 1 ft swell, long period 20 ft, 3-4 inch wind

chop, WNW 1-2 mph

16 8/7 1255 Same as 15
201 7/17 1750 Se approx. 1 ft (interpretation from pictures)

5 8/1 1132 Less than 1 ft swell, slight chop

6 8/1 1206 Less thani 1 ft swell, slight chop
310 8/11 1755 Wind died down, water quite calm

101 7/21 1445 Vent bldg log, sea calm, wind NE 10-15

102 7/21 1510 Ventbldg log, sea calm, wind NE 10-15

1 7/25 1248 Sea calm, slight swell

2 7/25 1345 Same as 1

33 8/14 1010 Sea calm, perceptible swell, very small wind ripple

34 8/14 1047 Sea calm, slight wind ripple 6 inch slow swell

35 8/14 1325 Sea calm

36 8/14 1415 Sea calm, slight swell with wind ripple

7 8/1 1347 Slight swell 3-6 inches, no chop, glassy surface

a 8/1 1417 Slight swell 3-6 inches, no chop, glassy surface

2,02 7/22 1400 No rea information
203 7/22 1815 No sea information
204 7/22 1831 No sea information

4 7/24 2930 No sca information

Vl I-'1



SECTION VIII

CONC LUSIONS

There has been strong evidence presented of the correlation between vertically
polarized radiometric temperatures and the thermometric temperature of sea
water. The particular measurements made on this experiment at a frequency of
16. 5 GHz suggest a sea state invariant angle of about 1100 zenith where the r. m. s.
deviation from the mean radiometric temperature was within 50K of the thermo-
rietric temperature of the sea water. The stability, sensitivity and calibration
accuracy of the radiometer together with the stability of the environment are con-
sidered wo be of this magnitude. State-of-the-art radiometric equipment with
improved stability and sensitivity shouli improve this resolution by a factor of
five or ten.

No correlation with sea surface roughness (sea state) was obtained with either
the vertical or horizontally polarized meatsurements. This may be caused by
insufficient equipment sensitivity or by the viewing angle restrictions imposed by
the site.

The horizontally polarized data does not appear to have a direct correlation with
sea surface thermonietric temperature. This negative result bears importance
in those systems which contemplate using horizontally polarized radiometric measure-
ments for determining temperature. Other frequencies or viewing angles may
provide a degree of correlation, but based on the inference here this should be
validated by other tests before implementation.

The applicability of radiometric measurements by an aircraft or satellit,
particularly in the area of surface temperature measurement is feasible. The
viewing angle implied by this exporiment would not be optimum for a spacecraft
but other frequencies may providd other optimum viewing angles.

i | VIII-1
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* SECTION IX

RECOMMENDATIONS

Based on the data and its analysis the following recommendations are made for

possible future work:

1.) A theoretical investigation should be made, using a relatively sophisticated
Smodel of the sea surface, to determine the interrelationship of frequency,

viewing angle, sea state and polarization. This should result in a theore-
tical description of the dependancy of a sea state invariant angle on frequency.

2.) Field tests at frequencies other than 16. 5 GHz should be conducted to verify

the theory developed in the above.

3.) Representative field test data should be obtained over a full range of viewing

angles. This will require a site where angles close to nadir can be observed.

4.) The effects of pollutants, froth and water contaminants should be theoretically

analyzed and subsequently introduced in field experiments under controlled
conditions.

5.) The equipment sensitivity for radiometric measurements of the sea surface
should be the best the state-of-the-art offers. SensiLivities of 0. 30 K for a
0. 1 second integration time should be attainable up to frequencies of 30 to

35 GHz, and 0. 50 K should be attainable up to 60 GHz. Integration times as
small as practical should be used for the critical data measurements.
Longer integration times for smoothing may be introduced by computer

r processing during the data reduction.

6.) The final recommendation is general in nature, but most important for any

field tests. Adequate au~dllary instrumentation must be a prime requisite for
any program. This is necessary to enable complete and proper interpre-
tation of prime radiometric data. The water thermometric temperature
measuring system must be well designed. It must be sturdy to withstand

rough seas yet light enough to float on the surface of the water. The
temperature sensors must be waterproof. The system used in this experi-
ament was good, but water leakage was a problem in some of the thermistor

probes.
V
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APPENDIX A

THEORETICAL EMISSIVITY OF SPECULAR SEA WATER

r
Applying Kirchoff' s law, the emissivity of a specular surface can be derived

from the reflectivity
E =1- p (1)

The reflectivity for horizontally polarized waves is given by the Fresnel formula:

h cos - e1/2coso=h cosTp ±-7e1 2•7}o ( 2)

and likewise for a vertically polarized wave:

Secoso - e/2cosj 2

'ecoso + el/ 2 csOS(3

where • incidence angle

6 =angle of transmitted beam with respect to normal

e = e' - je" = complex dielectric permittivity

Using Snell' s law: el/2sin 0 sin~ (4)

Introducing the polar form for the complex number

ecos 26 = e - sin2o = re -jy (5)

The polar quantities can be calculated explicitly as foliows:

1/2
r = [(e' - sin2 0) 2 + (e") 2 ] (6)

Y tan-1 [ell (7)
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Using the definition in (5) the absolute values in equation (2) and (3) can be
evaluated. Substituting these results into equation (1) yields after some manipu-
lation: l 4coso rl/2qos_(y /2)

h [coscP + r-1 2cos (y/2) ]2 + r sin2 (y/2) (8)

4cosb rl/2[ cos(y/2) e' + sin /2) ,"

le' cosqP + rl/ 2cos(y/2)f'+ [e" cos(P + r6 sin (r/?)f (9)

Some simplification of (8) and (9) can be accomplished by the introduction of two
parameters:

a = ri/2cos(y/2) (10)

b = rl/2sin(y/2) (11)

Then (8) and (9) become:

4acoso_Eh (cosP + a)2 + b2  (12)

4cos6_Laej' + be")
CV (e' coso + a)2 + (e"cosq5 + b)2  (13)

From equation (5), at normal incidence

e = r

Thus y is defined as the dielectric loss angle and "a" is the refractive index and
"b" is often called the "absorption" coefficient.

A-2
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r APPENDIX B

F DIELECTRIC PERMITTIVITY OF SEA WATER

Hasted (Ref 3) and Von Itippel (Ref 4) have re-Aewed the dielectric properties
Vof pure water. According to the latter, it is accurate to consider only the dipole

relaxation through the microwave region, thus only bipolar absorption will be

considered. A single relaxation time is considered sufficient to explain the water
absorption spectrum. This time is sufficiently short to place the relaxati-n

dispersion region of liquid water in the microwave region. The Debye formula
then gives the frequency dependency of the dielectric permittivity:

e' = e + eo-00 (1)00 1 + (V;AS) 2

el= (e 0 -e.)vX5  + or (2)
1 + (VX S)2 ce 0O

where

el = rual component of dielectric permittiviiy

e" = imaginary component of dielectric permittivity

"v = wave number (cm-1 )

" As = relaxation wavelength (cm)

eo = static permittivity

e.o= high frequency limit of permittivity

a" = conductivity (mhos/meter)

"c = velocity of light (cmrsecondis)

E0 = permittivitv of vacuum =10
361T

Ssince v • O
c=

T

1.



where
w = 2 Tf

"T = relaxation time (seconds)

we can simplify equati( n (1) and (2) as follows:

e = e0 + eo - e.o
1 + (U)T) 2

e" = W-(eo-e.) + a
1 + (WT) 2  

WE 0

toh T, and a can be approximated as the product of two second order polynominals
of the form:

x = (b2S2 + bjS + bo) (c2T 2 + cIT + co)

or

x = ao + a1T + a2 S + a3T 2 + a 4S2 + a5TS + a6T2S + a7TS2 + a8T 2S2 (3)

where S = Salinity (Parts per 1000)

T = Temperature

a, b and c are constants

x = eo, ' or G

Table 1 tabulates the coefficients for the variables of the expanded equation based

on (3) above.

I
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APPENDIX C

SEA WATER TEMPERATURE DERIVIATION METHODS

Therýe have been several methods proposed for radiometric sensing of the sea
water temperature and conversion of this radiometric temperature to actual tempera-
ture. Several of these methods will be outlined in the following sectioi3.

A. Ratio Method

The brightness temperature has been defined in Section HI in terms of a basic
radiometric forntda. This formula is repeated here for reference.

Tbp = ETw + (I -EP))Ts (1)

where Ts = sky temperature

E = emissivity

)= observation angle

0 180 -4P

The horizonally and vertically polanized brightness temperatures as defined by
equation (C-1) can be expressed as a ratio:

Tbh fhT W + (1G- Eh)TsO
Tb.V E%-OTw + (1 - EvO)Tse (2)

h = C h T-- - 1) * 1

Tb -I - (3)

(v. C.!ý_ -1) ÷ I

This expression invmlves four unknowns, ramely Ch', l : , T,,% arnd T,. axn can be
* simplified to two unknowns by introducing a factor I; n11 the equation as "ollows:

I
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V in which, k Tw

Tso

In Appendix A, the formulas for Ev and Ch are developed, these are expressed as:

C h 4acos6
S(,osd + a)' + b2  (5)

Ev 4(ae' +be" )cos6

(e' cosP + a)2 + (e"cos4P + b) 2  (6)

Both parameters "a" and "b" are functions of permittiidtv and incidence angle.
In practice both "a" and "b" will vary from their theoretical values for a specular

surface. The value of "b" has less of a %,ariation from theoretical, therefore we

set values of e', e" and b based on an assumed initial value of sea water tempera-
ture. Substituting (5) and (6) in equation (4) we can now solve for "a". Using this
derived value of "a" which carries information en the actual temperature of the
water, we calculate Ev. The true sea water temperature can now be derived from the
relation:

Tw = Tbv - (1 EvO)Ts6

The vertical component of emissivity, EvC varies with frequency, angle 6 and
temperature T. The frequency is known and the ang-c is known for a calm sea and
can be approximated for a rouglt sea. We are attempting to derive th- temperature
T. In using the ration Tbh/Tbv t,; obtain the parameter "a", and h,..nce cv, we are
in some way trying to correlate T and Es. The assumption is that difC rcnt T valuvs
will lead to specific ratio values, hence to "a" and finally to a unique " In order

for this sequence to be mevaningful we must first have sore sensitivity in the ratio
Tbh /Tbv to changes in T. We can examnine this point by considerinig the right-hand

side of equation (4).

we have R = T3 h = k * 1
'rb v v 1

where k=-.. -'w

In this nictbuO the temrn .raturv depctidn ecr of .h ra r Uo Ti,ih! rb., is in ll . aInd C(

which in turn rt:cci : n -tk,.[v ' ,r-ce throu V, c. an~d c P rar ncutr t

is usually s%,t to a value- rcpr.scnt1inj ;n initiai ass ::ption for T arxi "sF . Tinis
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procedure is based on thc correct assumption that a poor choice in k has small
consequence on derived emissivity. Specifically, for k ranging from 15,0 to 40. 0,
the resulting calculated C changes by about 0. 01.

A computer program has been employed to calculate the theoretical valucer of EV
Ch and the ratio Tbhj/Tbv (in which k = 40 corresponding to a temperature T of 280. 0
degrees Kelvin and a Tsd of 7. 0 degrees Kelvin) for angles 4 varying from zero to
70 degrees, and for sets' of e' and e" representing ocean salinity of 30 parts/thou-
sand, and a temperature range of zero to 30 0C. Assuming that these theoretical
values are representative of the actual emissivities and the ratio Tbh/Tbv, it is
possible to make a number of interesting observations:

1. E and Eh vary very slightly with temperature. At 6 = 60 degrees, we have
the values listed below:

TABLE C-1

T Eh- R

00C .6233 .2159 .3716

10 .6151 .2115 .3695

20 .6132 .21C,1 .3639

30 .6159 .2117 .3693

From the above, we can see that, over a 100C interval (i. e. 10' - 20') Ev changes
by . 0019, o,7 about. 0002,/'C. Also, Ev and Eh seem to exhibit a minimum near

T = 20 0C and therefore -r is a double-valued function of E. In effect, in trying
to -.'tairi a value for c., useable in equation (1), we are trying to guess in a very
narrow range - this guess has a built-in ambiguity in that there are two tempera-
tures for each value J cv, i.e., we must somehow know ,rn which sidt, of the
minimum our temperatue-e is located. This can be difficult since the minimum is
at a commonly encountered temperature.

2. We have noted the difficulty involved in obtaining a value o0 tE= correcponding
to a specific T. We will now examine the method used for obtaining C Tabie C-1
also lists corresponding values of the ratio T1 ,,h'Tbv. - these ace theoretical values
and represent the manner in which we wouhi expxect tVat ratio to vary, if we vaNry
the temperature ol the sa surface. Three oIscr'v'ations can he made at this point:

i) The variation with temperature is slight, i.e. , over a 10PC range we have
a change i_, the ratio of . 0006;, or about . 0000Gf;,;C. This number is 1b ter-
ally swamlped by the !emnperature scnsitiVity Of the radionetcr used in the
measuremnnts.

I
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F
ii) T is a double-valued function of 11. Again, the minimum is near 200C and

we, therefore, have a difficult time Imowing which T corresponds to a
given R.

iii) Tbh has a higher theoretical dependency on sea state. Thus, any variation
in Tbh, due to sea state, will affect the ratio Tbh/Tvh and will in turn
influence the final water temperature calculation.

The above numbers and nsuing discussion are based on data for 9. 5 GIz (even
though data for e' and e" is actually for 9. 3 Gllz, which is sufficiently close
for our purposes) and an incidence angle, 4), of 60 degrees. The nature of the
data is similar at other values of t). For reference purposes, similar tables
are presented bclow for 4 = 40 and 20 degrees.

Table C-2 4 = 400

T V H R

00C .4699 .3110 .6790

10 .4620 .3051 .6777

20 .4600 .3035 .6778

Table C-3 2 20

T V H R

00C .4038 .3667 .9134

10 .3966 .3600 .9131

20 .3947 .3582 .9130

30 .3968 .3601 .913 o.

4. Conclusions

The analysis presented in the preceeding sections argues against the meaning-
falness of using the method originally proposed for obtaining . The problem
revolves primarily about the fact that EC and ch vary veiy slightly over the tempera-
ture of interest for sea water, with the resulting effect that the ratio TbhiTbv contains
very little retrievable information with regard 'a) temperature. What it does contain
is, in part, indicAted by a plot of the ratio versuac 4. The plot shown in Figure C-1
is based on a theoretical expression for the ratio, at a fixed value of k. We find in
Figure C-1 that, for 4P between 25 and 75 degrees, the relationship between R and 4)
follows an approxiriate straight line, with a slope of 62. 5 degrees per unit change in

C-'I



the ratio Tbh/Tbv. A 6. 25 change in 0 will cause a 0. 1 change in the ratio. We

note that a 0. 1 change in the ratio is actually quite large; it represents, roughly,
a 25 0 K change in the final derived value of T, when everything else is held constant.
Thus, the angular dependence completely overshadows the slight temperature

dependence.

A rough sea results in brightness temperature samples over a cone of angles
around the antonna beam nadir angle at which it is viewed, and hence, is expected
to affect the ratio Tbh/TbV quite markedly.

It appears that this method amounts to nothing less than the derivation of an
E which reflects such information as the angle of observation (which is known in
any case) and errors in measured Tb which we would like to avoid.

B. Low q( Analysis

At low values of incidence angles the values of E and Ev vary less as a function
of angle than at high incidence angles. This is readily apparent if one refers to
Figure III-!. Using the equations developed in Appendix A, we can express Ev and
Eh as a function of temperature Tw, hence we have Tbh and Tbv as functions of Tw.

From equation (1) we have:

Tbv EvTw (1 - Ev)Ts (7)

rearranging Le in s

Tb,. = Ev(Tw- Ts) + Ts (8)

substituting the expression, from Appendix A, for E

T 6- 4cos ae' +be") (T -T)+T
by (e' cosO + a)2 + ()e"coso +b) 2  W S T (9)

and similarly Tbh = 4aosqb (T ,- Ts) + T
(cos6 4 a 2) + b2  s (10)

Assuming that the riih t hand side of equations (9) and (10) are exact expressions of
the measured brightness temperature Tb- we can then reduce our problem to that
of determining what value of Tw will give the data, value Tb.

Two difficulties in this approach are:

1. The theoretical expression for TbV(or Tbhl) does not in fact correspond to
data Tbv in a sufficiently sensitive fashion.

S| c-5
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2. Tbv (or Tbh) is not sufficiently sensitive to Tw.

The essential point in this method is the manner in which we obtain a value for

Ev" The value of Ev should be determined over a range of incidence angles where
the effects of sea state are minimized. As the sea surface roughens, the effective
angle over which the radiometer is viewing the water surface is a weighted sampling
of a cone whose ?xis lies on the nominally defined incidence angle. Therefore, for

a sea surface which is not flat, we should really apply equation (9) or (10) not at
one angle c, but should average over a cone of angles appropriately weighted to

consider wave height and period, and the duration of the measurement. If however,
Ev and Ts varied only slightly over the cone, as they do for low incidence angles,
equations (9) and (10) would be accurate to within that slight variation. The range of
incidence angles that might be considered in this method would range from 00 to 40
or 500 corresponding to zenith angles from 1300 or 1400 to 1800.

The underlying restriction on this method with regard to this particular field
experiment is the observation angles required for implementation. Site restric-
tions confined the water observation to zenith angles from 90' to about 1300.

C. Invariant Angle Analysis

If one assumes that there is a range of zenith angles over which the radiometri•'
temperature is invariant with sea state, then the specular equation for brightness
temperature would be most nearly correct at these angles. The brightness tempera-
ture has previously been expressed as a function of temperature in equation (9). That
equation is repeated here for reference.

= 4cos.•_ae' + be") (Tw _Ts)+Ts
(e' cost + a)2 + (e"cos4 + b)- (9)

There will be a unique value of sea water temperature that satisfies the measured
•. values of Tbv and Ts. This unique value will be equal to the thermometric tempera-

ture of the water at an invariant angle. At angles other than invariant the deri,-ed
value of water temperature will depart from the thermometric value. it would

S-further be deduced that the deviation from the thermometric temperature (i.e. the
slope of the derived water temperature) would be dependent upon sea state. The
deriviation of water temperature from equation (9) is accomplished by iteration
using a computer. An initial value of Tw is assumed and a, b, e' and e" are
computed for this temperature using the equations developcd in Appendix A and B.
Equation (9) is then used to calculate the value of Tbv. This calculated value is
then compared to the measured value of Tbv. If the two are not in agreement to
within i 10, the value of Tw is adjusted to a new value based on the following
formula:

Twnew Twod 0 ib v- (1 - C)Ts

2
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This iteration is repeated until agreement in the calculated and measured values of

Tbv is reached. This was the method usea in reducing the vertically polarized

measurements in this program.

C
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APPENDIX D

ANTENNA PATTERN CORRECTION

A. Geometry

The gain patterns of micri)wavc and millimeter-wave antennas is simply the
manifestation of diffraction of electromagnetic waves by a finite aperturO. Most of
the power received by the antenna is contained in the main lobe of the diffraction
pattern. The remaining power i- received via the side and back lobes.

If one were investigating astronomical radio sources of very small angular
extent, it would be irrportant to remove the effect of the main lobe "pattern".
However, for extended sources, such as the atmosphere or sea surface, the
brightness temperature variation within the main lobe half-width is not sufficient
to necessitate the removal of the main lobe effects. The following discussion will
concentrate on the correction for side and back lobe effects.

The geometry of the situation is indicated in Figure (D-1). Environmental
temperatures ace given in the (ý, ý, ý) coordinate system where the unit vector

is oriented in the zenith direction. The antenna axis is inclined at angle 0O
to the zenith and defines the unit vector ý' . If the ý' direction is chosen to
coincide with the • direction, the set (A, ',' ) defines Cartesian coordinates
in the antenna-centered frame.

Polar angles in either frame are defined with respect to the z axes, while
azimuLhal angles are defined with respect to the x axes. Figure D-2 shows the
angulac coordinates of a pencil beam in both environment and antenna-centered
frames.I
B. Ainalytical Approach

The apparent (measured) temperature seen by an antenna oriented at a zenith
angle 0 0 is given byV /

ID-

,•Ta bOO) = . Tb(0, q) fg(O' ,0') dQ2 (Dl-l)

j 1)-1
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where
Tb (0 , 4) brightness temperature of environment at

zenith angle 0 and azimuthal angle 0

0' = polar angle of environmental ij:int in antenna-
centered coordinnates

0 = azimuthal angle in antenna-centered coordinates

g = antenna gain function in antenna-centered system

dMI = element of solid angle in antenna system

If one assumes the environment to be azimuthally symmetric (certainly true
for clear skies), then Tb depends on 0 only and equation (D-1) can be written

Ta (0o) = k( 0o, O)Tb(O)dO (D-2)
0

where

sin e g(0' ,)do dD3
k(O,,) ffV-fg ' ,I ') sin 0' d(P' dO' (D-3)

Equation (D-2) is a Fredholm integral equation of the first kind with kernal k. It
can be solved numerically in the following way.

First, one introduces a quadrature rule to change the integral in equation (I)-2)
into a sum:

Ta(,), kj (00) Tb (Ij) (D-4)

The set of finite angles (0i) may be chosen to be equidistant if desired. If the
antenna temperature T, is also measured at these angles, then a set of linear
matrix equations results:

T(0 ) >~Gi Tb() (D-5)
T:, = T b (0j I

where Gij is :a m x in matrix dcrived from k-.

Since Ta and Tb arc vcry c!Ose in magnittucd, it is cC)nve1lnilt to calculate
the ir diff tI rwcec. Equation (D)-5) ca- .be writion

Ta (tOi) T Tb Ii) ( " j)(I')(iJ)

DI-5



where, Sij is the unit matrix; or in symbolic matrix nG'at;.,
1J

Tb = Ta - (G - I)Tb (D-6)

A Equation (D-6) has a formal solution which may be expressed as an infinite series:

Tb = Ta- (G-I)Ta + (G-I)(G-I)Ta (D-7)

In equation (D-6) and (D-7), I represents the unit matrix.

Truncation of the series in Equation (D-7) is equivalent to solving the following

iterative set

Tb (n) Ta - (G - I)Tb (n-1)

(o) (D-S)Tb (0) =Ta(D8

Usually only one or two iterations are necessary in order to achieve a satisfactory
solution to e'uation (D-5) if Ta is given by empirical data.

An obvious method to calculate G., involves using a qurdrature rule based on

equidistant intervals in 0 . This approach leads to the form

k.1 (00) = w ik(OC, Oil)

where, wi is an appropriate weight. Because of the highly peaked nature of k, the

important sum condition

ki (00)z1
j

does not hold sufficiently well to insure the accuracy needed for solution of equation

(D-6). A better method of calculation involves writinig equation (D-2) as

Ta (f0) Tb (0) d(0,10) (D-9)a

where
P( 0,) J k(0 0,P) d, (()-I '•)

Then the trý4)ezodial rule may he. applied to ,quation (D)-9), yieldimng

1)-



or
G = - 1/2 [P(0Oj+, 0) - P(0_1 , 9i)] (D-11)

Next it is necessary to indicate the method of computing P. Using equation (D-3)
and (D-10) we write,

P(-, 0o) =J f (0-0 ) g(0' , ' ) dQ' /Jg(9' ,' )dP' (D-13)

where, If(") is the Ileaviside unit step function. The solid angle integration in the
numerator of equation (D-13) has been written in the antenna-centered system
instead of the zenith-cn.,Itered system. One may interpret equation (D-13) as saying
that P(d, 0,) is the fraction of 'he received power entering the cone with half-
angle 0 centered on the zenith.

Now if 00 = 0, then 8 0' , and equation (D-13) becomes

P(- ) -J• g(0' 651 )de' sinO' dO' (D-14)

(- g(0' ,0' )do' sin9' dO'

A great simplication is achieved by specializing to the case where the antenna is
azimuthally symmetrical i.e., there is no gain dcpendence onr . in this case,
equation (D-14) becomes

I-

rP(6, C) = -"J K ) sine, do, (D-15)
g(O') sin"' dO'

and equation (D-13) can bc written

p(•-, •o) f .1,• , ,-,o

P(0, = 0j-'- dP (0' ,0) (D-16)0
2%

whe-re, -LIV

el, l, 0') - (03,0, ' (D-17)

Iz
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Now the angles 0! (00,0,0') represent the azimuthal angles corresponding to

the intersections of two cones: the first cone is defined in the antenna-centered

frame by constant polar angle C'; the second cone is defined in the environment-

F centered frame by constant polar angle 0. In oider to determine the &ialyLie

relations for (t- the geometrical configuration of Figure D-2 can be used to

cxpress the transformation of coordinates between antenna and environment-c'ntcred

r frames:

sinO' coso' = sinG coso (D-18)

sin0' sino' = cos&0 sinO sino - sinG0 cost (D-19)

coso' sinG0 sinG sin4 - cos00 cos 9  (D-20)

The angles 0' defined by fixed values of Q0, 0 , and 0 ' can be found from

equation (D-18) if values of 6 are already determined; these latter must be

obtained by solving equation (D-20). The set of equations (D-18), (D-19), and

k1D-10) are invariant under the transformation

-7 _ 1- 4'(D-21)

hence, the two solutions in equation (D-17) are related. By rewritting equation

(D-20) as,

sine - coso' - cosOt cosO (D-22)
sinf 0 sin0

one can see that it has two solutions: 6 2 and 61 = 7T - 62. Tie final result is

obtained by inserting either value in equation (D-1S) in the form, for example,

-2 (00,0,0' C tsinO cos6_t_) (D-23).•'2(00 OO' = OS sinO'

The other branch of tbhe solution is given by

' (0o, ,O') r - 6"Q, ,0' ) (0-24)

C. Calculations

Two computer prograiis have been coded to perform the ant nna p:ittcr rcime,:di.

The lirst prozrain has thc 'ask of en lcu :11ti i the imattrix el.icnen ts Gij from the

Sequation (D-I'-). The - atr1 x

IM
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is the output on punched cards or magnetic tape for use with the second program.
In the course of caulation the condition

Mij = 0 (D-261•j
is tested.

The second program, APCOR4, has the task of solving for brightness tempera-
tures by the iterative method presented in equation (D-8). It accepts the matrix
elements, M, and performs a given number of iterations on the apparent tempera-
ture data which are obtained at the specified angular mesh (0i) by polynomial inter-
polation. The mesh chosen for the present data consisted of 69 angles defined by

cose = n - 35
n 34

. This set appeared to give adequate resolution near the horizon, while keeping the
computer time to a reasonable level. For the 9. 5 GHz data, an averaged gain
pattern was used for both polarizations. In the 10. 5 Gl1z band separate ant'nna

j patterns were employed for both polarizations, and the computer performea the
azimuthal averaging.

Frcm preliminary calculations it was concludý2d that satisfactory antenna

pattern correction may be obtained with one iteration. Therefore, all the processed
data show a single application of equation (D-S).

D
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APPENDIX E

DETERMINATION OF RADIOMETER ABSOLUTE CALIBRATION AND

- SENSITIVITY, AND CONVERSION OF OUTPUT RADIOMETRIC
VOLTAGES TO AM-PARENT TEMPERATURES

This appendix describes the mathematical ex-pressions used to calculate the
absolute temperature calibiations and sensitivities of the radiometers useŽd in this
experiment. The expressions developed for this purpose are based on the nomen-

clature shown in Figure E -1. An expression is also provided for conversion of
radiometer output voltages, Ea, to apparent temperatures, Ta, at the input to the
antenna feed.

The losses o- all microwave components and waveguides have been accurately
measured, with the exception of the antenna feed losses. Those were estimated
on the basis of equivalent waveguide length present in each antenna feed. The losses
for the above components are listed in Table E-1. As indicated in Figure E-1,
all the radiometers incorporate a basic 2-point input calibration scheme consisting
of two waveguide terminations at accurately known temperatures and a mechardeay
waveguide switch. This allows the use of a 2-point calibration or the use of a
3-point calibration using the zenith sky temperature as the thirct calibration point.

The measured input-output response of each radiometer is linear over the
dynamic signal range (0-400 degrees Kelvin). Therefore. within this range, the

scale factor used in radiometer calibration and data conversion is a linear function.

Referring to the response curve in Figure E-2, the scale factor (k) for a two point
calibration is given by,

k = Tel - Tc 2  , degrees Kelvin per volt (1)
Eel - Ec2

Similarly, for an output voltage Ea,

k = Tc 2 - Ta , degrees Kelvin per volt (2)
Ec2 - Ea

E-1
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where,
Tel is the apparent temperature of the maximum (H1t Load) calibration

signal, referred to the antenna feed input, degrees K.
(I Tc2is the apparent temperature of the minimum (Cold Load) calibration

signal, referred to the antenna feed input, degrees K.

-VTa is the apparent temperature of the material under observation, at the
antenna feed, degrees K.

Ecl is the radiometer output when the input signal is Tel, volts.

Ec2 is the radiometer output when the input signal is T. 2 , volts.

Ea is the radiometer output when the input signal is Ta, volts.

The scale factor k for a three point calibration is determined from a least
squares approximation for a best fit straight line, and is given by:

Tz + Tcl + Tc 2  - TzEz + TclEci + Tc 2 Ec 2

3 Ez + Ec + Ec2
k= (3)

E +E+z ci + Ec2 - (Ez)2 + (E_1) 2 + (Ec2)1
3 Ez +Ecl + Ec2

where,
T is the zenith sky temperature

Ez is the radiometer output when the input signal is Tz, volts
and the other parameters are as previously defined.

The radiometer temperature sensitivity can be readily calculated from knowledge
of T0 1 and Tc 2 , as well as the mean values of Eci and Ec2. The minimum detectable
temperature sensitivity of a radiometer is defined as the root-mefn-sqtrnre output
signal fluctuation in the absence of an input signal. This definition implies that the
radiometer input is terminated in its characteristic impedance for the requisite
output reading. Therefore, in the radiometers under discussion, the input should
be terminated with the Cold Calibration Load when the output reading is taken.
This results in an effective null input signal condition, which represents maximum
sensitivity in a Dicke-type radiometer.

Based on the above definition, de rms temperature sensitivity of a given
radiometer is expressed by,

zT FottP Plpx k, degrees Kelvin rms (4)

E-51!



The factor "6" is used to convert peak-to-peak noise voltages to rms voltages, in
accordance with standard practice. Equation (4) may be expressed in terms of

known quantities. Thus,

T- E .6p/p) Tcl-Tc2 ) , degrees K rms (5)
\ 6 / Ecl- E. 2 ) mean

In practice, approximately ten (10) printouts are taken for Ecd and Ec2 during the

sensitivity check. The peak-to-peak fluctuation of E. 2 is then noted for use in the
first term of the above equation. Following this, the mean values of Ecl and E.2
are determined. With values of Tcl and Tc 2 established the rms temperature

sensitivity can be calculated.

A microwave signal with an apparent temperature Tas is affected by transmission

through a lossy medium, such as a waveguide component, in accordance with

equation (6).T out = T a( L) + To (1 - 1 degrees K (6)

or
Tt TO + (Ta- TO) - ,degrees K (7)

As indicated in Table E-1, the losses of WGS2 and WGS1, from the Cold Load and

Hot Load to the input of the ferrite switch, were measured in combination. This
combined loss will be indicated in the equations to follow by the symbols Lsi,2a
for the Cold Load path and Ls1 2b for the Hot Load path, respectively. Since the
loss in WGS2 is considerably higher than in WGS1, in the X-band channels, the

temperature of WGS2 will be associated with Lsl',2a and Lsl ,2b"

Referring to Figure E-1, at point 1,
1

Tcla = Ts 2 + (Thl - Ts 2 ) 1 2b degrees K (8)

and1
Tc2a Ts2 + (Tel Ts2) L- I , degrees K (9)

To obtain T and To 2 , an inverted form of equation (6) muJt be used, with Tela

and T representing T Solving for Ta in equation (6),
T~ 0out* a o(---
T =T(1

T out 0 L
a 1

L

I
j ,-(
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or Ta L(Tout - TO) + To , degrees K (10)

At point 2, we obtain from equations (8) and (10),

Telb LsI [Ts 2 + (Thi _ Ts 2 ) I T +Ts , degrees K (11)
c~b -ý sl [ T hl - s2-uI 2i, sl s

At point 3, we obtain from equations (10) and (11),

T c i La f Lsi[Ts 2 + (Thl-Ts2) 1 T, + Ts, T ,L Lsl 2b Ts si Ta)+

or Lsl
Te= La [Ls' (Ts 2 - Tsl sr-i, (Th - Tsj Ts, - Ta] ±Ta , (12)

degrees K

Similarly, at point 2 we obtain from equt, tions (9) and (10),
Tc2b Lsl [ Ts 2 + (Tel - Ts2) 1 , Tsl ]+ Ts derees -K 43T

sl, 2a siJ+Tdere

At point 3, we obtain from equations (13) and (10),

2= La Ls L[Ts2 + (Tel - T 2 ) -s ,2a Tsl ] + Tsl - Ta + Ta

or Lsl

Tc2 L La [Ls, (Ts2 - Tsl) + -Esl,2a c(l - Ts2 4 T si Ta ] + Ta (14)

degrees K

Equations (12) and (14) are required for calculation of radiometer calibration
temperatures, Tel and Tc 2 , referred to the antenna feed input. These Quantities

are used in equation (5) to determine radiometer temperaturc sensitivity.

The conversion of radiometer output voltages, Ea, to apparent temperatures,
Ta, at the antenna feed horn is- accomplished by means of an inve'te(d form of
equation (2).

Thus,
T =T -(15

a c2 k(E 2 - Ea) , degrees (15)

Note that Ee2 rathar than Eel is used in this expr•ssion. The reason, of

course, is that the value of Ec2, representing the Cold Load, is closer to the
value of E . This optimizes the accuracy of the conversionI. The value (4 k is
determined by means of equation (1). Finally, as in thi case of the radiometer
sensitivity calculation, applroxinmatCl ten (10) printouts are tglken for l' .

Ez and E. The mean va lues of these quMn litiCs are then (dlttor in med prior to
insertion in equation (15) for calcul,,,tion of appa ron Ite, pe in'lur'e T

a

. E -7



APPENDIX F

INFRARED RADIOMETER SUPPLEMENTARY MEASUREMENTS

An Infrared Radiometer was supplied and operated by personnel from NESC.

This was a Barnes PRT-5 radiometer which had a spectral response from 8 tc 16
micrometers.

The sea surface temperatures as mcasured by the PRT-5 were corrected for
specular reflectance of the sky background and the resulting temperatures are
plotted in Figures F-i through F-8.
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RCA Astro-Electronics conducted a field experiment to verify a theoretical approacý
toward remote sensing of sea surface temperature using passive microwave radiation.

There is a correspondence between the radiometric temperature of the sea and its
thermometric temperature. This correspondence is influenced by the horizontal and
vertical emissivity, the incidence angle at which the radiometric measurement is being
made, contaminants on the water surface, and by the sea surface roughness.

The experiment addressed itself to two basic questions: 1) Can one measure the
vertically and/or horizontally polarized microwave radiometric emissions from the sea

" water and obtain an accurate measure of the thermometric temperature? 2) Can one also
make a determination of sea state from such measurements?

The radiometric measurements were made from North Island of the Chesapeake Bay
* Bridge and Tunnel District..--The Chesapeake Bay Bridge-Tunnel links the city of Norfolk

and Cape Charles, Virginia, across 17.6 miles of water. North Island is at the norther
end of the Thimble Shoal Channel Tunnel. The bulk of the microwave measurements were
made at a frequency of 16.5 GIlz.( The following conclusions are drawn from an analysis
of the data: 1) There is a correAtLion between the thermometric temperature and the
vertically polarized microwave radiometric temperature, 2) There was no observed correlt-
tion of the thermometric temperature with the horizontally polarized microwave radio-
meLric temperature, 3) While theoretical considerations strongly indicate that the hori-
"zontally polarized microwave radiometric temperatures should have a strong dependance

Son sea state, no definitive trends were found in the measured data.
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